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OXIDATION  OF  NICKEL  IN  SULFUROUS  GAS  AT  HIGH  TEMPERATURES 
V.V.  Ipat'ev  and  D.V.  Zheltukhin 

Chair  of  Inorganic  and  Analytical  Chemistry  at  the  S.M.  Kirov  Leningrad  Academy  for  Technical  Forestry 

The  study  of  oxidation  of  metals  and  alloys  in  sulfurous  gas  at  high  temperatures  is  of  great  theoretical 
and  practical  importance  since  sulfur  dioxide  is  present  in  the  atmosphere  of  many  industrial  areas  either  as  the 
basic  constituent  (manufacturing  of  sulfuric  acid,  production  of  cellulose  by  sulfite  process,  etc.)  or  as  an  im¬ 
purity  (nonferrous  metallurgy,  gas  turbines,  exhaust  fumes,  etc.). 

Investigations  of  the  oxidation  process  of  nickel  and  its  alloys  in  sulfurous  gas  has  become  particularly  im¬ 
portant.  It  will  suffice  to  note  that  at  the  present  time  heat-resistant  nickel  alloys  as  well  as  alloys  containing 
Ni  as  the  additional  element  are  widely  used. 

Only  very  few  articles  concerning  oxidation  of  nickel  in  sulfurous  gas  could  be  found  in  the  literature. 

Hatfield  [1]  showed  that  the  effect  of  sulfurous  gas  on  pure  nickel  depends  on  the  temperature.  According 
to  this  author  nickel  is  practically  disintegrated  by  sulfurous  gas  at  800*C:  the  attack  is  considerably  weaker  at 
GOO'C  and  is  practically  absent  at  1000“C. 

Unfortunately,  Hatfield's  investigation  is  a  purely  comparative  study  and  does  not  shed  any  light  on  the 
oxidation  rate  of  nickel  in  sulfurous  gas. 

The  books  published  by  Batrakov  [2]  and  by  Brannik  [3]  as  well  as  other  corrosion  handbooks  give  only  data 
on  the  increase  of  weight  of  nickel  in  sulfurous  gas  over  various  periods  of  time  of  experiment. 

Chertavskikh  [4]  had  studied  the  effect  of  sulfurous  gas  on  metal  waste  and  on  the  mechanical  properties 
of  nickel  and  came  to  the  conclusion  that  the  maximum  penetration  of  sulfur  into  nickel  by  diffusion  takes  place 
at  BOO'C. 

In  the  present  work  we  report  the  results  on  the  kinetics  of  oxidation  of  nickel  in  sulfurous  gas  at  high 
temperatures  and  on  the  chemical  and  phase  composition  of  the  scale  formed  under  these  conditions. 

E  XPERIMENTA  L 

The  oxidation  rate  of  nickel  was  determined  by  periodically  weighing  samples  maintained  in  sulfurous  gas. 
This  method  allowed  us  to  study  the  oxidation  process  over  a  given  period  of  time  on  single  samples  without 
withdrawing  them  from  the  furnace.  The  apparatus  is  represented  in  Figure  1. 

Sulfur  dioxide  passed  from  the  bottle,  1,  through  the  manometer,  2,  a  Tishenko  bottle,  3,  containing  sul¬ 
furic  acid, and  was  supplied  at  a  constant  rate  to  the  lower  part  of  the  tubular  electric  furnace.  The  nickel  sam¬ 
ple,  5,  was  placed  in  the  middle  of  the  tube  of  the  electric  furnace.  The  temperature  of  the  furnace  was  main¬ 
tained  constant  during  the  experiment  by  the  use  of  the  hand  rheostat,  6.  The  temperature  was  measured  with  a 
chromel-alumel  thermocouple,  7,  enclosed  in  a  quartz  tube. 

Nickel  samples  were  made  of  electrolytic  nickel;  99.7<yoNi,  0.002%  sulfur.  The  samples  were  18-20  mm 
cylinders,  5.5 -5.8  mm  in  diameter. 

The  samples  were  weighed  on  an  analytical  balance,  8,  every  two  to  four  hours  when  the  reaction  rate 
was  high  and  every  eight  hours,  or  even  less  frequently,  when  the  reaction  rate  was  low.  The  total  time  of  the 
experiment  varied  from  20  to  120  hours. 
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'  Fig.  1.  Diagram  of  the  apparatus  used  for  the  investigation  of  the 

oxidation  rate  by  the  method  of  periodic  weighing:  1)  bottle  of 
liquid  sulfur  dioxide;  2)  manometer;  3)  Tishenko  bottle  contain¬ 
ing  concentrated  H2SO4;  4)  tubular  electric  furnace;  5)  sample; 

6)  rheostat;  7)  thermocouple;  8)  analytical  balance;  9)  Tishen¬ 
ko  bottle  containing  alkali;  10)  cold  junction  of  the  thermo¬ 
couple;  11)  millivoltmeter;  12)  transformer. 

At  the  end  of  the  experiment  the  samples  were  weighed,  withdrawn  from  the  furnace  and  after  cooling 
were  studied  under  the  microscope  and  submitted  to  chemical  analysis  and  x-ray  analysis. 

The  cooled  samples  were  fixed  in  a  mold  and  polished  for  micrographic  analysis  in  the  usual  way  [5]. 

The  composition  of  the  gas  and  the  structure  of  the  scale  were  studied  with  a  metallographic  microscope 
MIM-6.  Characteristic  areas  were  photographed  with  different  magnifications. 

After  the  study  of  the  scale  under  the  microscope,  one  part  of  the  scale  was  pulverized  in  an  agate  mortar 
and  analyzed  chemically,  by  the  ordinary  method,  for  sulfur  and  nickel,  and  the  other  part  was  submitted  to  x- 
ray  analysis  according  to  the  Debye  method. 

Kinetics  of  oxidation  of  nickel  in  sulfurous  gas.  Nickel  was  oxidized  in  sulfurous  gas  at  600“C,  700*C  and 
800*C.  Experimental  results  concerning  the  oxidation  are  presented  in  Tables  1  and  2.  These  results  allowed  us 
to  deduce  the  following  linear  relationship:  q*  =  f(t),  where  q  is  the  gain  in  weight  (in  mg/cm*)  and  ^is  the 
time  (in  minutes).  This  equation  confirms  the  fact  that  the  oxidation  of  nickel  in  sulfurous  gas  is  analogous  to 
the  oxidation  of  nickel  in  air  and  follows  a  parabolic  law  q*  =  Kt,  where  K  is  the  constant  of  scale  formation 
rate  characteristic  of  the  temperature. 

The  results  in  Table  2  show  that  the  magnitude  of  the  constant  of  the  rate  of  scale  formation  depends 
greatly  on  the  temperature.  The  higher  the  temperature  the  larger  the  value  of  the  constant.  If  for  the  purpose 
of  comparison  we  consider  the  constant  corresponding  to  600*C  (equal  to  0.002)  as  equal  to  unity,  then  K  will  be 
175  times  larger  at  700*C  and  1800  times  larger  at  800*C. 

It  is  interesting  to  note  that  the  oxidation  rate  of  nickel  in  an  atmosphere  of  sulfur  dioxide  is  many  times 
higher  than  that  of  nickel  in  air. 

Figure  2  represents  the  variation  of  logK  as  the  function  of  temperature.  The  straight  line  corresponding 
to  nickel  in  sulfurous  gas  runs  much  higher  than  that  corresponding  to  nickel  in  air  drawn  according  to  the  data 
obtained  by  Ipat'ev  and  Ivanova  [6]. 


1356 


TABLE  1 


Results  of  Oxidation  of  Nickel  in  Sulfurous  Gas 
at  BOO’C,  700’C  and  800*C 


Duration  of 
experiment 
(in  hours) 


Gain  in  wt. 
(mg/cm*) 

q 


Constant  of  scale 
formaUon  rate 
K  =  qVt 
(mgVcm^*  min) 


Temperature  600° 

8  1.29  0.0035 

18  1.49  0.0020 

26  1.74  0.0019 

34  1.84  0.0016 

42  1.89  0.0014 

50  2.14  0.0016 

59  2.55  0.0018 

69  2.84  0.0019 

75  3.04  0.0020 


Average 


0.00195 


Temperature  700° 


4 

27.6 

3.1600 

8 

27.9 

1.6200 

12.2 

28.8 

1.1280 

16.2 

29.6 

0.8926 

20 

31.1 

0.8060 

24 

31.6 

0.6934 

46 

36.0 

0.4690 

68 

38.2 

0.4119 

66 

40.0 

0.4050 

82 

41.2 

0.3460 

83.3 

41.3 

0.3400 

86.7 

42.2 

0.3420 

91.7 

43.2 

0.3370 

100 

43.9 

0.3220 

108 

44-7 

0.3080 

116 

46-1 

0.3060 

124 

47.7 

0.3060 

129 

48.8 

0.3070 

Average 

0.3500 

Temperature  800® 


2 

13.0 

1.4000 

4 

26.0 

2.8000 

6 

30.3 

2.5000 

8 

38.2 

3.0000 

10 

45.0 

3.3000 

12 

65.0 

4.2000 

16 

60.5 

3.8000 

18 

65.9 

4.0000 

20 

71.3 

4.2000 

22 

80.5 

4.9000 

Average 

8.6000 

Fig.  2.  Variation  of  log  K  as  the 
function  of  1/T  in  the  case  of  ox¬ 
idation  of  nickel  in  sulfur  dioxide 
(I)  and  in  air  (II).  A)  Value  of 
logK;  B)  value  of  lOOO/T;  C) 
temperature  (in  ’C). 


Composition  and  structure  of  the  scale  ob¬ 
tained  during  the  oxidation  of  nickel  in  sulfurous  gas 
at  high  temperatures.  Figures  3,  4  and  5  represent  the 
microstrucmres  of  the  scales  obtained  by  oxidizing 
nickel  in  sulfurous  gas  at  600*C,  700*C  and  800*C. 
These  photographs  show  very  clearly  the  two  phases 
NiO  and  NiS.  The  presence  of  these  two  phases  in  the 
scale  is  also  indicated  in  the  x-ray  diagrams  obtained 
at  our  request  by  S.L.  Skop. 

Figure  6  represents  the  x-ray  diagram  of  the 
scale  obtained  as  the  result  of  oxidation  of  nickel  in 
sulfurous  gas  at  700*C.  The  light  lines  correspond  to 
the  NiO  phase  and  the  dark  lines  to  NiS.  Analogous 
x-ray  diagrams  were  obtained  for  scales  resulting 
from  the  oxidation  of  nickel  in  sulfurous  gas  at  600*C 
and  800*C. 

The  chemical  composition  of  the  scale  was 
determined  by  analyzing  for  nickel  and  sulfur.  The 
amount  of  sulfur  was  determined  by  calcination  in 
the  oven  at  1200*C,and  tfiat  of  nickel  by  precipitation 
with  dimethylglyoxime. 


The  results  of  the  analysis  are  given  in  Table  3. 

If  one  assumes  that  the  oxidation  of  nickel  in  sulfurous  gas  proceeds  according  to  the  reaction:  3  Ni  Si02 
^  NiS  +  2NiO,  then  the  theoretical  concentration  of  sulfur  and  nickel  in  the  scale  should  be:  13.3*^  sulfur  and 
73.3*1/0  nickel. 
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Fig.  3.  Microstructure  of  the  scale  obtained  during  the  oxidation  of  Ni  in  SO2  at  600°C: 
2)  scale  and  b  represent  different  magnifications  for  the  Figures  3,4,  and  5). 


Fig.  4.  Microstructure  of  the  scale  obtained  during  the  oxidation  of  Ni  in  SO2  at  700°C; 
mold;  2)  scale. 


Fig.  5.  Microstructure  of  the  scale  obtained  during  the  oxidation  of  Ni  in  SO2  at  800°C 


TABLE  2 

Constants  of  the  Rate  of  Formation  of  Scale  on  Nickel  in  Sulfurous  Gas  as  the 
Function  of  Temperature 


Temperature 
(in  “O 

Duration  of 
the  experi¬ 
ment  (in  hrs) 

Maximum 
gain  in 
weight  (in 
mg/cm*) 

Constant  of 
the  rate  of 

scale  forma¬ 
tion  (average) 

logK 

75 

3.0 

0.002 

-2.70 

■iH 

129 

48.8 

0.35 

-0.46 

800 

22 

80.5 

3.60 

+  0.56 

.1,  vX'-> 

—  1 

Fig.  6.  X-ray  photograph  of  the  scale  obtained  by  oxidation  of  Ni  in  SO2  at  700‘C. 
Light  lines  -  NiO;  dark  lines  -  NiS, 


TABLE  3 

Chemical  Composition  of  the  Scale 


Conditions  of  the  experiment  Amount  in  the  scale  (in  °/o) 


Temperature 
(in  "O 

Duration 
(in  hours) 

Sulfur 

Nickel 

■■ 

75 

■H 

129 

WSS^M 

75.4 

800 

22 

11.6 

76.0 

Average 

12.3 

IbA 

The  results  of  Table  3  are  sufficiently  close  to  these  values.  It  appears  then  that  the  oxidation  process  of 
nickel  in  sulfurous  gas  proceeds  according  to  the  above  reaction. 

SUMMARY 

1.  The  oxidation  of  nickel  in  sulfurous  gas  in  the  temperature  range  600-800“C  follows  the  parabolic  law. 

2.  The  constant  of  the  rate  of  the  scale  formation  depends  greatly  on  the  temperature.  The  maximum 
value  of  this  constant  corresponds  to  800'’C. 

3.  The  oxidation  rate  of  nickel  in  sulfurous  gas  is  significantly  higher  than  that  in  air. 

4.  The  scale  obtained  on  nickel  in  sulfurous  gas  is  nonhomogeneous  and  consists  of  two  phases:  NiO  and 

NiS. 

5.  The  oxidation  reaction  of  nickel  in  sulfurous  gas  apparently  proceeds  according  to  the  reaction:  3  Ni  + 

+  SiOj  =  2NiO  +  NiS. 
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ACTION  OF  CERTAIN  HETEROGENEOUS  CATALYSTS  ON  THE  OXIDATION 


OF  AMMONIA  IN  AQUEOUS  SOLUTION  BY  OZONIZED  OXYGEN 


S.I.  Papko 


It  follows  from  the  calculated  values  of  standard  free  energy  for  the  oxidation  of  ammonia  in  aqueous 
solution  by  oxygen  or  ozone  under  different  conditions  that  the  equilibrium  in  the  oxidation  reaction  should  be 
shifted  in  the  direction  of  the  final  products  not  only  under  standard  conditions  but  also  under  conditions  differ¬ 
ing  considerably  from  these  [1], 

According  to  literature  data,  oxygen  does  not  oxidize  ammonia  in  aqueous  solution  in  absence  of  catalysts 
[2],  Oxidation  of  ammonia  in  aqueous  solution  by  oxygen  in  presence  of  copper  was  first  observed  by  Schonbein 
[2]. 

Subsequently,  various  workers  tested  the  following  catalysts:  metallic  zinc  and  iron  [3],  porous  nickel  [4], 
metallic  tin  and  the  dioxides  of  tin  and  manganese  [5],  silver  powder,  and  silver  oxide  [6].  Ammonium  nitrite 
or  mixtures  of  ammonium  nitrite  and  nitrate  were  formed  in  all  these  cases. 

Pakshver  and  Zlatoustovskaia  [7]  observed  the  formation  of  nitrite  in  cuprammonium  solutions  used  in 
rayon  production. 

Berthelot  [8],  Low  [9],  Traube  [10],  and  Muller  et  al.  [11]  investigated  the  mechanism  of  the  action  of 
copper. 

Ozone,  unlike  oxygen  [2],  oxidizes  ammonia  in  aqueous  solutions  directly  [12-15].  Our  experiments  [1] 
showed  that  the  only  oxidation  product  is  ammonium  nitrate,  but  the  rate  of  the  oxidation  reaction  is  low.  It 
was  therefore  concluded  that  a  catalyst  is  required  for  the  reaction. 

An  earlier  investigation  [16]  dealt  with  a  study  of  the  effect  of  catalysts  on  the  oxidation  of  ammonia  by 
ozone  in  a  homogeneous  medium.  Some  of  the  substances  tested,  including  those  containing  copper  ions,  had 
appreciable  catalytic  activity. 

The  present  paper  contains  the  results  of  a  study  of  a  number  of  heterogeneous  catalysts  for  the  oxidation 
of  ammonia  in  aqueous  solution  by  ozone. 


EXPERIMENTAL 

The  method  used  was  almost  the  same  as  before  [1, 16].  The  only  changes  related  to  the  design  of  the  re¬ 
action  vessel.  Previously  a  Schott  filter  was  sealed  into  it.  Since  the  substances  tested  as  catalysts  were  deposited 
on  the  Schott  filter  in  various  ways,  it  was  necessary  to  provide  for  their  rapid  interchange  in  the  reaction  vessel. 
The  modified  design  of  the  reaction  vessel  is  shown  in  Figure  1,  which  does  not  require  special  explanation. 

Ozone  which  was  not  absorbed  in  the  system  was  trapped  in  a  solution  of  potassium  iodide  after  the  gas  passed 
through  the  absorbers  for  ammonia,  containing  water  [1]. 

Preparation  of  catalysts  and  deposition  on  the  Schott  filter.  The  Schott  filter,  10  mm  in  diameter  and  4 
mm  thick,  was  repeatedly  impregnated  with  a  solution  of  the  appropriate  salt  (previously  recrystallized  twice), 
and  then  dried  in  air  at  room  temperature.  High -temperature  drying  was  not  used,  as  it  led  to  irregular  distribu¬ 
tion  of  the  salt  over  the  filter  surface.  The  impregnation  and  drying  were  repeated  until  the  Schott  filter  was 
uniformly  covered  with  a  layer  of  dry  salt.  This  prepared  filter  was  then  heated  in  a  vertical  muffle  furnace  in 
air,  or  in  a  horizontal  tubular  furnace  in  a  stream  of  hydrogen. 
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Conditions  for  Preparation  of  Catalysts 


1362 


04 

td 

CO 

< 

H 


u 

•d 

3 

3 

i/t 

X 


<2  H  o  S 

«n  ,<0  CO  .(D 

M  is  w  id 
o  o  o  V 
Z  Z 


V 

S- 

a 

<4 

U 

O 

z 


u 

•d 

3 

3 

ti 

X 

i 

a  M 

8  I 

*J  is 
o  V 
Z 


■S 

S:' 

<4 

«ii> 

3 

S 

JS 

8  I 

o  V 
Z 


•5: 

•d 

u 

< 

u 

•d 

.s^ 

3 

c4 

u 

Cc^ 

o 

e 

o 

•d 

c: 


8. 

X 

w 

S-c 

o 

5 

3 

6 


S  M 

o  3 

N  JQ 
O  i4 


■0  ^ 
E  ^ 
o  r 


1  -O 

■SI 

o 


73 

jS 

s  ^ 

^  W 


:!  ^  ^ 


2.'-' 


3 


rH^r-trtciOOCOOOlOO 

oicouicoioioooo^o 

rH07lciOOOOC004r-ti-t 

C<104N04C4e00JoiOJ0J 


o> 

a 

eo 


3 


CO  os  CO  O-  r-t 
..OOc-COOt-COO 
cO(OcOt1iC4iHOSCOCO 
•'i'COTjcCOOSOOOCDCOCO 

oooooi-Joooo 


CO  Orf<OOt-COC07jCiHeOO 

OS  osooosooit-*ost-oc)os 

CO  cococoooosososcococo 


OS  10  OS  OJ  rjc 

OJ  CO  CO  10 

iH  O-  00  10  04 


CO  00 
CO  CO 
CO 


■ct<  00 
rH  CO 
00 


04  CO  CO  CO  CO  CO  04 

o  o  o'  o'  o'  o' 


8.  g 

ri*  w 

g  E 


8, 

E  S  ^ 
5  3  u 

H  ea 


04  COOOO^eOt~04T}«04^ 

04  C0c000t'00  04c-'#00 

CO  Ose400COC400T|'^04 

O  OiHOOOOOcHc-trH 

o'  o'  o'  o'  o'  o'  o'  o'  o'  o  o' 


COCOC-COC-COOCOC004 

iH00O-C0C4O400t-COTl' 

iHOSCOr-tCO'tC-^COr-t 

^co<Ncoeoeoco'^''T7t 

o  o'  o'  o'  o'  o'  o'  o'  o'  o' 


CO  OOC0C4co04  04OC004 

oi  coTjco'oic-ioioioscoi^ 

Tjc  eSCOTl'TjcrJccOTteOOOCO 


CO  CO  ^  OS  CO  o 

t-  CO  CO  ^  o 

e*s  CO  ^  CO 

o'  o*  o'  o'  o  o'  o'  o'  o  o' 


CO  O  OS  CO 
tJ<CsI<3SC-C- 
co  tJc  CO  CO  CO 


C-COcHCOCOP400OSrHC- 

oosi-ceOTl'OOOcoooco 

OOOSOOrHCOOOCOt-CrHO 

OOOiHfHrHrH^rHrH 

0000000000 


OOOOTi<OOOOC4C4ascOCO 
coiococ0'^coeooor}*c4 
c-t-c-cocoeoooseoo 
O  O  O  O  O  O  O  OS  o  o 

r4rHi-Jr4rHi-JcHo'iHrH 


O  O  CO  O  CO  CO  CO 
■o*  CD  C-  OS  C4  04  C4 


<5* 


A  layer  of  cuprous  oxide  was  formed 
on  the  Schott  filter  in  three  stages.  First 
a  layer  of  copper  nitrate  was  formed  by 
Impregnation  and  drying.  The  nitrate 
was  then  converted  into  cupric  oxide  by 
strong  heating  in  a  vertical  muffle  fur¬ 
nace.  The  oxide  was  reduced  to  cuprous 
oxide  by  the  action  of  metallic  copper, 
also  in  the  vertical  muffle  furnace  [17]. 

The  choice  of  substances  tested  as 
catalysts  was  restricted  by  the  melting 
point  of  the  glass  of  the  Schott  filter.  For 
example,  it  was  impossible  to  obtain 
free  vanadium,  or  free  or  combined  tan¬ 
talum  or  niobium  on  the  filter. 

The  conditions  for  the  preparation 
of  the  catalyst  are  summarized  in  Table  1. 

The  catalysts  so  prepared  were 
tested  for  their  influence  on  the  oxidation 
of  ammonia  in  aqueous  solutions  by  ozone. 

The  experimental  conditions  for 
ammonia  oxidation  were:  temperature 
25”,  concentration  of  ammonia  in  solution 
1%  ozone  concentration  3  to  5%  feed 
rate  of  ozonized  oxygen  4  liters/hour, 
reaction  time  (duration  of  experiment) 

1.5  hours. 

Five  consecutive  experiments  were 
performed  with  each  catalyst  whenever 
possible.  The  experimental  results  in 
Table  2  are  average  values  from  these 
groups  of  five  experiments. 

Experiments  on  the  catalytic  activ¬ 
ity  of  the  substances  listed  in  Table  1 
showed  that  molybdic  anhydride  and  vana¬ 
dium  trioxide  and  pentoxlde  dissolved 
completely  after  1.5  hours  in  l<7o  ammo¬ 
nia  solution  at  25”.  Brown  oxides  of  molyb¬ 
denum  partially  dissolved  after  4.5  hours 
in  lio  ammonia  solution  at  the  same  tem¬ 
perature.  All  the  other  substances  re¬ 
mained  almost  entirely  undissolved  after 

7.5  hours  in  this  ammonia  solution.  Metal¬ 
lic  platinum  remained  unchanged  when 
the  temperature  was  raised  to  90*. 

In  addition  to  the  substance  listed 
in  Table  2,  molybdic  anhydride,  brown 
oxides  of  molybdenum,  vanadium  trioxide 
and  pentoxide,  cuprous  oxide,  and  metal¬ 
lic  titanium  were  tested,  but  had  no  cata¬ 
lytic  action. 
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Fig.  1.  Reaction  vessel. 


Fig.  2.  Effect  of  temperature  on  the 
amount  of  ammonia  oxidized  (in  pres 
ence  of  metallic  platinum)  per  1  g  of 
ozone  absorbed.  A)  Amount  of  am¬ 
monia  oxidized  (<7o);  B)  temperature 
(*C). 


Fig.  3.  Effect  of  temperature  on  the 
utilization  of  ozone  per  1  g  of  ozone 
absorbed  (in  presence  of  metallic  plat¬ 
inum).  A)  Degree  of  utilization  of 
ozone  (%);  B)  temperature  ("C). 


It  is  interesting  to  note  that  palladium  obtained  by  reduc¬ 
tion  of  PdCl2  in  a  stream  of  hydrogen  was  catalytically  active, 
whereas  palladium  prepared  by  decomposition  of  PdCl2  in  air  had 
no  catalytic  action. 

The  catalytic  activity  of  each  substance  in  the  reaction  in 
question  was  determined  as  follows:  five  experiments  were  per¬ 
formed  under  the  conditions  described  with  a  Schott  filter  without 
catalyst,  and  the  average  amount  of  ammonia  oxidized  in  these 
five  experiments  was  found  (in  %).  The  substance  to  be  tested  as 
catalyst  was  then  applied  onto  the  filter  (by  the  method  indicated 
in  Table  1),  and  the  average  amount  of  ammonia  oxidized  in  five 
experiments  was  again  determined.  The  results  were  compared  to 
determine  whether  the  substance  was  active. 

The  total  amount  of  ozone  passed  through  the  system,  and 
the  amount  which  passed  through  unabsorbed,  were  determined  in 
the  experiments.  These  amounts  are  compared  in  Table  2.  The 
amount  of  ozone  absorbed  remains  almost  unchanged  with  wide 
variations  of  the  ozone  concentration  (at  constant  temperature). 
Increase  of  temperature  from  25  to  90*  increased  the  amount  of 
ozone  absorbed  (in  presence  of  metallic  platinum)  from  70  to  ^0% 

The  curves  in  Figures  2  and  3  illustrate  the  variations  of  the 
amount  of  ammonia  oxidized  and  ozone  utilized,  with  the  tem¬ 
perature. 

Our  earlier  investigations  [1]  showed  that  after  the  action  of 
ozone  on  aqueous  ammonia  solution,  the  latter  contains  only  am¬ 
monium  nitrate,  nitrite  being  absent.  On  the  basis  of  this  fact, 
and  of  the  accepted  mechanism  for  the  action  of  ozone,  the  over¬ 
all  equation  for  the  oxidation  of  ammonia  by  ozone  may  be  written: 

2NH3  +  4O3  ->  NH4NO3  +  HgO  +  4O2. 

Hence  5.647  g  of  ozone  is  required  to  oxidize  1  g  of  am¬ 
monia.  Column  11  of  Table  2  gives  the  theoretical  amounts  of 
ozone,  calculated  from  this  ratio,  required  for  the  oxidation  of  the 
amounts  of  ammonia  actually  found  to  be  oxidized  (Column  4). 

These  amounts  of  ozone  are  compared  with  the  amounts  ab¬ 
sorbed  by  the  system  in  Column  12,  in  the  form  of  the  so-called 
percentage  utilization  of  ozone.  According  to  Strecker  and  Tiene- 
mann  [15],  who  used  25‘yo  ammonia  solutions,  i.e.,  much  higher 
concentrations  than  in  our  experiments,  the  utilization  of  ammonia 
was  only  According  to  our  observations  (see  Column  12, 

Table  2),  this  value  is  very  much  higher,  exceeding  200*70  in  all 
experiments,  and  reaching  300*70  (in  presence  of  metallic  platinum) 
at  75*.  Evidently,  two  or  more  atoms  of  the  ozone  molecule  are 
involved  in  the  oxidation  of  ammonia. 

SUMMARY 


1.  Brown  oxides  of  molybdenum,  metallic  molybdenum, 
tungsten,  titanium,  and  palladium  (obtained  by  decomposition  of  palladium  chloride  in  air),  vanadium  trioxide 
and  pentoxide,  and  cuprous  oxide  do  not  have  a  catalytic  effect  on  the  reaction  in  question  (under  the  conditions 
described  above). 
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2.  Tungstic  anhydride,  metallic  platinum,  palladium  (obtained  by  reduction  of  palladium  chloride  in  a 
stream  of  hydrogen),  iridium,  and  rhodium  have  some  catalytic  action.  The  catalytic  activities  of  all  these  sub¬ 
stances  are  almost  equal. 

3.  Increase  of  temperature  from  25  to  75*  (in  presence  of  metallic  platinum)  increases  the  amount  of  am¬ 
monia  oxidized  from  40.3  to  52.2^o  (Figure  2). 

4.  It  is  shown  that  at  25*  two  of  the  oxygen  atoms  in  the  ozone  molecule  take  part  in  the  oxidation  of  am¬ 
monia,  and  at  75*  all  three  take  part. 

5.  The  decrease  in  the  amount  of  ammonia  oxidized  (Figure  2)  and  ozone  utilized  (Figure  3)  at  90*  can 
be  ascribed  to  a  decrease  of  the  ammonia  concentration  (owing  to  volatilization  during  the  experiment)  to  about 

of  the  original  value  (from  1.02  to  0.21<^o). 

In  conclusion,  it  is  my  pleasant  duty  to  express  my  gratitude  to  Doctor  of  Chemical  Sciences,  Prof.  L.A. 
Nikolaev  for  the  opportunity  of  completing  the  experimental  work,  and  for  his  constant  interest  in  ^e  work. 
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THE  INTERACTION  OF  GLASS  WITH  CORROSIVE  MEDIA 

A.F.  Zak 

The  All-Union  Scientific  Research  Institute  of  Glass  Fibers 


In  the  absence  of  a  complete  theory  of  glass  structure  it  has  not  been  possible  to  draw  fully  substantiated 
conclusions  concerning  the  processes  which  take  place  in  glass  under  the  action  of  conosive  media.  Great  inter¬ 
est  attaches  in  this  connection  to  studies  of  the  chemical  resistance  of  fine  glass  fibers,  a  few  microns  in  diameter. 
Owing  to  the  highly  developed  and  easily  measurable  surface  of  glass  fibers,  their  chemical  resistance  can  be  de¬ 
termined  with  considerable  accuracy.  Moreover,  because  of  the  hi^  rates  at  which  thin  fibers  react  with  vari¬ 
ous  reagents,  and  because  soluble  oxides  are  extracted  from  fairly  deep  levels,  it  is  possible  to  establish  the  vari¬ 
ous  factors  which  determine  the  chemical  resistance  of  glasses  of  different  compositions. 

Systematic  studies  were  carried  out  of  the  chemical  resistance  of  fibers,  Gp  in  diameter,  made  from  vari¬ 
ous  binary  and  multicomponent  glasses,  to  the  action  of  water,  acids,  and  alkalies  [1].  A  fiber  sample  with  a 
surface  area  of  5000  cm*  was  treated  at  98*  with  the  given  reagent  (250  cc)  for  one  hour.  The  solution  was  then 
filtered,  the  fibers  were  washed,  dried  at  120*,  and  the  loss  in  weight  caused  by  the  action  of  the  reagent  was  de¬ 
termined.  In  addition,  in  most  of  the  determinations  the  filtrates  were  analyzed  and  the  composition  of  the  dis¬ 
solved  components  determined. 

When  sodium  silicate  fibers  containing  20  and  26*^  NajO  were  treated  with  hydrochloric  acid,  almost  all 
the  alkali  was  dissolved  out  and  only  silica  remained;  very  little  of  the  silica  dissolved.  The  experimental  re¬ 
sults  are  given  below: 


Composition  of  glass  Composition  of  fiber  Strength  af- 

{’^o)  after  treatment  (%)  ter  treatment 


Si02 

Na20 

Si02 

Na20 

(kg/mm*) 

80.0 

20.0 

99.83 

0.17 

62.1 

74.0 

26.0 

99.37 

0.69 

56.3 

The  silica  content  of  the  treated  fibers  exceeded  99*70.  Despite  the  fact  that  a  relatively  large  amount  of 
alkali  had  been  removed,  the  fibers  did  not  break  down  or  disintegrate,  but  retained  fairly  high  strength.  The 
high  strength  of  these  fibers,  diminished  considerably  owing  to  the  porous  structure,  shows  that  the  degree  of  poly 
merization  of  silica  in  these  glasses  is  very  high,  and  that  the  silicon -oxygen  framework  after  removal  of  the  al¬ 
kalies  consists  of  continuously  interconnected  Si04  tetrahedrons. 

This  confirms  the  existence  of  a  silicon -oxygen  framework,  not  only  in  sodium  borosilicate  glasses,  but 
also  in  glasses  of  other  systems  [2, 3]. 

The  action  of  acid  on  sodium  silicate  fibers  in  which  part  of  the  Si02  is  replaced  by  the  acidic  oxides 
AI2OJ,  Fe203,  B2OS,  ZrO  and  Ti02  also  results  in  the  predominant  removal  of  Na20  only.  The  acidic  oxides,  Uke 
Si02,  ^te  dissolved  relatively  little,  as  is  shown  by  the  data  below; 
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Composition  of  glass  Weight  loss  Amounts  of  oxides  extracted  (<^) 


(%) 

C^o) 

Si02 

MeO 

Si02 

MeO 

Na20 

77 

AI2O3 

3 

19.50 

0.2 

0.17 

19.13 

75 

AI2O3 

5 

14.03 

1.7 

0.78 

11.55 

74 

FsjOs 

6 

14.25 

3.0 

0.33 

10.92 

74 

Mn304 

6 

18.85 

0.55 

0.10 

18.20 

74 

CaO 

6 

15.80 

1.0 

0.45 

14.35 

75 

MgO 

5 

11.00 

0.9 

0.20 

9.90 

74 

ZnO 

6 

18.63 

2.20 

16.43 

It  is  assumed  that  these  oxides  enter  the  oxygen-silicon  framework,  forming  a  mixed  structure  with  it. 

When  acid  acts  on  the  fibers,  nearly  all  the  alkali  is  removed  and  only  the  silica  and  the  acidic  oxide  remain. 
These  fibers  have  approximately  the  same  strength  as  fibers  containing  silica  only.  The  low  solubility  of  the 
acidic  oxides  under  the  action  of  acid  shows  that  when  their  contents  are  low  they,  like  SiOj,  ate  fixed  fairly 
firmly  in  the  glass  structure. 

When  up  to  7-12%  of  the  SiO^  in  three -component  glasses  of  the  composition  (Si02  +  MeO)  80%  +  Na20 
207ois  replaced  by  an  acidic  oxide,  the  acid  resistance  increases  somewhat,  especially  if  Si02  is  replaced  by 
B2O3  (Figure  1).  An  increase  of  acid  resistance  was  also  found  on  replacement  of  Si02  by  small  amounts  of  acid¬ 
ic  oxides  in  fibers  of  complex  composition.  For  example,  when  Si02  in  a  lime -magnesia  glass  was  replaced  by 
3%  of  AI2O3,  Fe203,  Zr02,  Ti02,  the  acid  resistance  was  almost  doubled. 

However,  an  increase  of  acid  resistance  as  the  the  result  of  replacement  of  Si02  by  certain  acidic  oxides 
is  produced  only  when  these  oxides  ate  introduced  in  limited  amounts.  The  resistance  to  acids  decreases  con¬ 
tinuously  with  increasing  contents  of  acidic  oxides.  The  composition  of  the  components  extracted  from  the  fibers 
also  alters.  In  addition  to  Na20,  increasing  amounts  of  the  third  oxide  are  dissolved.  Data  on  the  acid  resistance 
of  glasses  containing  increasing  amounts  of  CaO  [4]  are  given  below. 


Contents  Composition  of  solution  (in  mg) 
of  CaO  in 


glass  (%) 

Si02 

CaO 

Na20 

0.00 

4.3 

- 

485 

2.69 

2.7 

- 

133 

5.06 

2.0 

0.7 

53 

8.02 

3.0 

3.0 

22 

9.44 

2.0 

10.0 

33 

15.30 

7.0 

400.0 

493 

20.50 

13.0 

1550.0 

1227 

23.86 

10.0 

1765.0 

1367 

Similar  results  were  obtained  on  introduction  of  other  oxides  (Figure  2).  The  same  effect  is  observed  in 
complex  glasses  containing  large  amounts  of  acidic  or  alkaline -earth  oxides.  This  accounts  for  the  low  acid  re 
sistance  of  most  alkali -free  glasses  containing  relatively  little  Si02  large  amounts  of  acidic  and  alkaline - 
earth  oxides.  All  the  components  except  silica  are  removed  by  acid  treatment  from  a  number  of  fibers  of  such 
composition.  It  is  possible  that  new  structural  formations,  easily  soluble  in  acids,  arise  in  the  glass  as  the  con¬ 
tents  of  acidic  and  alkaline -earth  oxides  increase.  When  all  the  soluble  components,  which  may  represent  half 
the  weight  of  the  fiber,  have  been  removed  from  an  alkali -free  fiber,  the  fiber  does  not  break  down  and  retains 
considerable  strength.  This  proves  that  silicon -oxygen  frameworks  are  also  present  in  glasses  of  complex  com¬ 
position. 

The  behavior  of  bivalent -metal  oxides  is  analogous  to  that  of  acidic  oxides.  When  acid  or  water  acts  on 
fibers  containing  small  amounts  of  CaO,  MgO,  BaO  and  ZnO,  these  oxides  are  dissolved  out  to  only  a  small  ex¬ 
tent.  If  Si02  is  replaced  by  small  amounts  of  alkaline -earth  oxides,  the  chemical  resistance  of  such  fibers  does 
not  diminish,  but  even  increases  appreciably.  This  shows  that  the  alkaline -earth  oxides  are  fixed  fairly  firmly 
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in  the  glass  structure.  Studies  of  the  electrical  conductivity  of  glass  lead  to  similar  conclusions.  Introduction  of 
alkaline -earth  oxides  into  alkali  glasses  diminishes  conductivity,  but  produces  almost  no  effect  on  the  conduct¬ 
ivity  in  alkali -free  glasses.  It  is  assumed  that  the  bivalent  ion  of  an  oxide  of  this  type  is  linked  to  two  oxygens 
of  the  silicon -oxygen  tetrahedron,  and  is  therefore  fixed  more  firmly  in  the  glass  structure;  the  structural  net¬ 
work  of  such  glass  has  no  discontinuities,  and  its  molecular  packing  is  more  dense  than  in  presence  of  alkali  ox¬ 
ides  [5]. 


Fig.  1.  Effect  of  replacement  of  Si02  by 
other  oxides  on  the  acid  resistance  of 
glass:  A)  weight  loss  (®/o);  B)  contents  of 
oxides  (<7o).  Oxides:  1)  MgO;  2)  B2O3; 

3)  Fe203;  4)  Ti02:  5)  ZnO;  6)  BaO; 

7)  CaO;  8)  Zr02:  9)  AI2O3. 


Fig.  2.  Acid  resistance  of  three -component 
glasses,  after  Weberbauer:  A)  weight  loss 
(mg):  B)  contents  of  oxides  {%).  Oxides: 

1)  AI2O3;  2)  PbO;  3)  Fe203;  4)  CaO;  5) 
ZnO;  6)  B2O3;  7)  BaO;  8)  MgO. 


The  presence  of  alkali  metals  has  a  totally  differ¬ 
ent  influence  on  the  chemical  resistance  of  glass.  Their 
oxides  are  fixed  very  loosely  in  the  glass  structure,  and 
are  relatively  easily  leached  out  by  water  or  acid.  The 
easy  solubility  of  alkali  oxides  is  the  main  reason  for  the 
low  resistance  of  most  alkali  glasses.  The  weak  binding  of  alkali  metals  in  the  structure  of  glass  is  also  demon¬ 
strated  by  the  higher  electrical  conductivity  of  such  glasses,  owing  to  the  transfer  of  electricity  by  the  highly  mo¬ 
bile  alkali -metal  ions. 


When  acid  acts  on  glasses  containing  small  amounts  of  acidic  or  alkaline -earth  oxides,  the  alkali  oxides 
are  predominantly  dissolved.  They  are  the  main  cause  of  the  lower  resistance  of  the  glass.  Therefore  a  decrease 
of  the  alkali  content  is  an  important  means  of  raising  the  resistance  of  glass.  However,  a  significant  increase  of 
the  resistance  is  obtained  only  when  the  alkali  content  is  reduced  down  to  I270.  Further  decreases  of  the  alkali 
content  are  less  effective  (Figure  3). 

When  water  acts  on  glass,  relatively  large  amounts  of  Si02  are  dissolved  in  addition  to  Na20.  The  action 
of  water  on  glass  differs  significantly  in  this  respect  from  the  action  of  acids.  The  significant  dissolution  of  Si02 
is  the  result  of  a  secondary  process  —  the  action  on  the  glass  of  the  alkaline  solution  formed  by  extraction  of  al¬ 
kali  from  the  glass.  However,  experiments  showed  that  the  chemical  resistance  of  the  glass  and  the  solubility  of 
Si02  are  also  greatly  influenced  by  the  composition  and  structure  of  the  glass,  as  shown  by  data  which  follow  . 

For  fibers  of  the  same  alkali  content,  the  loss  in  weight  under  the  influence  of  water  varies  considerably 
according  to  the  nature  of  the  third  oxide.  For  example,  while  the  weight  loss  of  a  fiber  containing  barium  oxide 
is  57.370,  the  weight  loss  of  a  fiber  containing  the  same  amount  of  zinc  oxide  is  only  10.77o.  The  nature  of  the 
third  oxide  also  influences  the  Si02  solubility, in  addition  to  the  total  solubility.  The  same  applies  to  fibers  of 
more  complex  composition,  so  that  by  suitable  choice  of  composition  of  glasses  for  a  given  alkali  content  it  is 
possible  to  increase  the  water  resistance  considerably  and  to  decrease  the  solubility  of  silica. 
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Composition  of  glass 


Weight  Amounts  of  oxides 

loss  cyo)  dissolved  C^) 


Na20 

SiO, 

MeO 

Na20 

SiO,  + 

+  MeO 

Na20/Si02 

/  74 

B2O, 

6 

9.10 

2.95 

6.15 

0.48 

'  74 

BaO 

6 

57.30 

19.00 

38.30 

0.50 

75 

MgO 

5 

18.15 

7.15 

11.00 

0.65 

\ 

i  80 

- 

41.20 

16.60 

24.60 

0.65 

I  72 

Ti02 

8 

13.92 

6.67 

7.25 

0.92 

20  ( 

[  72 

Zr02 

8 

11.70 

6.70 

5.00 

1.34 

6 

21.20 

12.20 

8.90 

1.37 

j 

/  74 

Mn^Oi 

6 

20.00 

11.80 

8.20 

1.44 

1 

1  75 

AI2OS 

5 

17.35 

12.45 

4.90 

2.50 

1 

i  74 

CaO 

6 

10.23 

7.34 

2.89 

2.50 

\  74 

ZnO 

6 

10.70 

8.26 

2.44 

3.40 

Replacement  of  SiOj  by  small  amounts  of  acidic  or  alkaline -earth  oxides  (except  BaO)  results  in  a  greater 
increase  of  resistance  to  water  than  of  resistance  to  acids  (Figure  4).  Since  the  solubility  of  silica  in  water  is 
low.  this  increase  of  resistance  when  it  is  replaced  by  other  oxides,  and  especially  alkaline -earth  oxides,  is  hard 
ly  to  be  expected. 


Fig.  3.  Effect  of  alkali  content  on  the 
resistance  of  lime -soda  glass  to  water 
(1),  acid  (2),  and  NaOH  and  NajCO,  (3): 
A)  weight  loss  (%);  B)  contents  of  ox¬ 
ides  {°}o). 


A 


Fig.  4.  Effect  of  replacement  of  Si02  by 
other  oxides  on  the  resistance  of  glass  to 
water:  A)  weight  loss  (®^);  B)  contents 
of  oxides  (%).  Oxides:  1)  B2C)|5;  2)  ZnO; 
3)  CaO;  4)  AI2O3;  5)  MgO;  6)  Zr02;  7) 
Ti02;  8)  Mn20,;  9)  Fe203;  10)  BaO. 


If  the  contents  of  acidic  or  alkaline -earth  oxides  in  the  glass  are  increased  above  7-12^o,  the  resistance  to 
water  changes  relatively  little,  and  even  decreases  continuously  on  introduction  of  MgO  and  B2O3  [6]  (Figure  5). 
The  resistance  to  water,  as  to  acids,  increases  steadily  with  decreasing  contents  of  alkalies  in  the  fibers.  The 
favorable  effect  of  replacement  of  some  of  the  Si02  by  other  oxides,  and  the  dependence  of  the  resistance  on  the 
nature  of  the  oxide  introduced,  should  be  taken  into  consideration  in  the  selection  of  glass  compositions  resistant 
to  the  action  of  water. 

When  water  or  acid  acts  on  glass,  some  of  the  soluble  components  are  extracted  without  appreciable  change 
in  the  volume  of  the  glass.  The  glass  becomes  microporous.  Studies  of  the  adsorption  properties  of  glass  fibers 


A 


Fig.  5.  Water  resistance  of  three -com¬ 
ponent  glasses,  after  Enss:  A)  weight  loss 
(mg);  B)  contents  of  oxides  (*5^).  Oxides; 
1)  AI2O3;  2)  ZnO;  3)  CaO;  4)  BjO,;  5) 
MgO;  6)  BaO;  7)  PbO. 


Fig.  6.  Effect  of  replacement  of  Si02  by 
other  oxides  on  the  alkali  resistance  of 
glass;  A)  weight  loss  (<7o);  B)  contents  of 
oxides  (‘7o).  Oxides:  1)  AI2O3;  2)  Zr02; 
3)  Fe203;  4)  ZnO;  5)  CaO;  6)  B2O3;  7) 
MgO;  8)  Ti02. 


after  treatment  with  acid  or  water  showed  that  the  pore  volume 
approximately  corresponds  to  the  volume  of  the  dissolved  ox¬ 
ides.  As  the  solution  process  begins  at  the  surface,  numerous 
pores  are  formed  there  first.  The  porous  surface  layer  of  the 
glass  has  high  adsorptive  capacity.  The  existence  of  porous 
surface  layers  was  demonstrated  in  investigations  of  the  adsorp¬ 
tive  properties  of  certain  glasses  after  treatment  with  acids 
[7,  8].  It  was  found  that  the  number  and  dimensions  of  the 
pores  are  determined  by  the  composition  of  the  glass,  the  re¬ 
agent  used,  and  the  treatment  conditions. 

The  state  of  the  surface  layer  has  a  considerable  influence 
on  the  solution  kinetics  of  the  individual  components.  The  di¬ 
mensions  of  the  porous  surface  layers,  and  of  the  pores  them¬ 
selves,  largely  determine  the  diffusion  of  the  reagent  into  the 
glass.  If  the  glass  has  a  high  content  of  soluble  components, 
the  surface  layer  on  the  glass  has  no  protective  properties,  and 
the  reagent  penetrates  freely  into  the  fiber.  This  accounts  for 
the  formation  of  porous  silica  fibers  by  the  acid  treatment  of 
fibers  of  different  compositions. 

When  alkaline  solutions  act  on  the  fibers,  the  breakdown 
mechanism  is  quite  different.  As  is  known,  alkalies  dissolve 
silica,  and  their  action  breaks  down  the  fundamental  silicon- 
oxygen  framework  in  the  glass.  The  fiber  becomes  thinner  as  a 
result.  The  glass  is  dissolved  to  a  considerable  extent.  When 
alkalies  act  on  sodium  silicate  glasses,  both  Si02  and  Na20  are 
dissolved.  The  course  of  the  dissolution  is  represented  by  an 
almost  linear  relationship  between  the  loss  of  weight  and  the 
time  of  action  of  the  alkali. 

Replacement  of  small  amounts  of  Si02  by  AI2O3,  Fe203, 
Zr02  and  ZnO  results  in  an  appreciable  decrease  in  the  solubili¬ 
ty  of  the  fibers  (Figure  6).  These  oxides  were  found  to  have  a 
favorable  effect  in  the  action  of  alkalies  both  on  three -com¬ 
ponent  and  on  more  complex  glass  fibers,  especially  in  the  si¬ 
multaneous  presence  of  these  oxides.  Introduction  of  Zr02  has 
an  exceptionally  favorable  effect  on  the  alkali  resistance. 

Even  small  amounts  of  Zr02  (about  V^o)  decrease  the  solubility 
of  the  glass  considerably,  while  higher  contents  make  the  glass 
quite  resistant  to  alkalies. 

It  is  significant  that  thin  fibers  containing  zirconium  ox¬ 
ide  show  a  considerable  loss  of  strength  under  the  action  of  al¬ 
kalies,  and  disintegrate  into  small  fragments,  despite  their 
very  low  solubility.  This  effect  is  not  found  in  other,  less  re¬ 
sistant  glasses,  and  is  evidently  caused  by  peculiarities  in  the 
structure  of  zirconium -containing  glasses. 


SUMMARY 

1.  Investigations  of  the  chemical  resistance  of  glass  fibers  showed  that  it  is  mainly  determined  by  the  com¬ 
position  and  the  structure  of  the  glass.  Even  very  slight  changes  in  the  composition  of  glass  can  lead  to  consider¬ 
able  changes  in  its  resistance.  In  many  glasses  the  replacement  of  Si02  by  small  amounts  of  acidic  or  alkaline - 
earth  oxides  considerably  increases  the  resistance  to  acids,  and  especially  to  water.  The  acidic  and  alkaline - 
earth  oxides  become  fixed  fairly  firmly  in  the  structure  of  the  glass  and  are  dissolved  out  in  only  small  amounts. 
At  higher  contents  of  these  oxides  the  chemical  resistance  of  the  glasses  to  acids  falls  continuously.  The  greatest 
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increase  in  the  resistance  is  obtained  when  the  alkali  content  is  reduced  to  about  12<^  further  decreases  are 
less  effective. 

2.  It  was  found  that  the  chemical  resistance  of  glass  to  water  is  largely  determined  by  the  nature  of  the 
other  oxides,  even  at  equal  contents  of  alkalies  and  silica.  The  resistance  of  glass  can  be  raised  and  the  solubil¬ 
ity  of  SiOj  decreased  by  suitable  choice  of  composition,  even  without  change  in  the  alkali  content. 

3.  The  kinetics  of  the  corrosion  of  glass  is  largely  determined  by  the  porosity  of  the  surface  layer.  If  the 
individual  components  of  the  glass  are  highly  soluble  and  as  a  result  the  surface  of  the  glass  is  highly  porous,  the 
protective  properties  of  the  surface  layer  are  weak. 

4.  The  existence  of  silicon-oxygen  frameworks  in  a  number  of  glasses  of  simple  and  complex  composition 
has  been  demonstrated  experimentally. 

5.  These  conclusions  were  verified  by  studies  of  the  resistance  of  glass  fibers  of  different  complex  compo¬ 
sitions,  and  made  it  possible  to  develop  new  glass  compositions  for  the  production  of  chemically  resistant  glass 
fibers. 
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INVESTIGATION  OF  SOLID  SOLUTIONS  OF  CALCIUM  A  LU  MI  N  OF  ERRI TE  S 
V.N.  lung,  lu.M.  Butt  and  V.V.  Timashov 


Much  attention  has  recently  been  devoted  to  investigations  of  the  composition  of  solid  solutions  of  cal¬ 
cium  aluminoferrites  ("celites"). 

For  example,  according  to  Jamauchi  [1],  the  ternary  system  Ca0-Al203-Fe203  may  contain  a  homogeneous 
solid  solution  of  the  composition C3H2.2 ’  F*  Swayze  also  suggested  that  this  is  the  limiting  composition.  Newman 
[2],  who  determined  the  heats  of  solution  for  solid  solutions  of  aluminoferrites  in  the  C6A2F-C6AF2  series,  found 
a  linear  relationship  between  the  heat  of  solution  and  composition.  According  to  his  data,  the  limiting  compo¬ 
sition  of  the  solid  solutions  corresponds  to  6CaO’  2A1203*  Fe203. 

Cirilll  and  Brisi  [3],  who  studied  the  magnetic  susceptibility  of  calcium  aluminoferrites  as  a  function  of 
the  composition,  likewise  reported  a  linear  relationship  between  the  magnetic  susceptibility  and  composition  of 
solid  solutions  in  the  A/F  ratio  range  P  =  0.5  -  2.0.  At  P  =  2,  i.e.,  for  the  composition  C6A2F,  there  was  a 
break  in  the  straight  line.  At  all  further  values  of  P  the  magnetic  susceptibility  remained  constant.  The  authors 
therefore  propose  the  composition  C3A2F  as  the  limiting  composition  of  calcium  aluminoferrite.  Somewhat  later 
Cirilli  and  Malquori  [4]  modified  this  composition  and  ascribed  the  formula  6CaO'  2.1A1203' 0.9Fe2O3  to  it. 

This  composition  had  the  minimum  iron  content  -  20.5^0. 

However,  even  this  proved  not  to  be  the  limiting  composition  in  the  series  of  solid  solutions.  The  experi¬ 
ments  of  Toropov  and  Boikova  [5]  showed  that  the  limiting  celite  composition  contains  17. Fe203,  and  corres¬ 
pondingly  higher  amounts  of  alumina  and  lime.  The  structural  formula  proposed  by  these  authors,  8CaO*  Al203‘ 
•Fe203,  differs  considerably  from  all  the  formulas  suggested  earlier  for  the  limiting  composition.  This  once 
again  raised  the  question  of  the  exact  composition  of  the  limiting  solid  solution  of  calcium  aluminoferrite. 

A  characteristic  feature  of  all  the  investigations  cited  above  is  that  all  the  investigators  attempted  to  take 
the  system  to  complete  equilibrium  in  all  cases.  The  raw  mixes  of  accurately  known  composition  were  first 
heated  two  to  three  times  at  a  low  temperature  (1350°),  fused,  and  then  cooled  slowly  to  give  completely  crys¬ 
tallized  products.  As  a  mle  the  fired  product  consisted  of  ~  100*70  of  the  mineral  of  the  calculated  composition. 

However,  in  the  actual  jwocess  for  the  production  of  Portland  cement  clinker  such  repeated  heating  does 
not  occur.  Celites  are  formed  from  the  crystalline  minerals  C3A  and  C4AF  as  the  result  of  complex  physicochem¬ 
ical  reactions  in  the  melt  during  its  formation  and  cooling.  There  is  hardly  any  doubt  that  such  a  significant 
difference  in  the  heating  and  cooling  procedure  must  influence  the  composition  of  the  celites  formed.  It  is  seen 
from  the  experimental  data  below  that  such  differences  do  in  fact  arise. 

The  limiting  compositions  of  calcium  aluminoferrites  as  proposed  by  different  authors  are  given  in  Table  1. 
Their  characteristic  feature  is  that  despite  the  considerable  variations  of  the  A/F  ratio,  and  the  consequent  con¬ 
siderable  variations  of  the  AI2O3  and  Fe205  contents,  the  amounts  of  bound  lime  vary  only  within  narrow  limits. 
This  leads  to  the  conclusion  that  the  degree  of  saturation  of  calcium  aluminoferrites  with  lime  has  definite  limits, 
which  vary  a  little  according  to  the  A/F  ratio;  these  boundaries  are  lower  for  carefully  synthesized  individual 
minerals  than  for  compositions  of  the  same  A/F  ratio,  but  fired  once.  If  the  values  of  the  A/F  ratios  for  the  limit¬ 
ing  compositions  given  in  Table  1  are  used  to  calculate  the  corresponding  amounts  of  C3A  and  C4AF,  and  the  over¬ 
all  chemical  composition  of  the  latter  is  then  calculated,  it  is  found  that  this  over-all  composition  differs  from 
the  chemical  composition  of  the  limiting -composition  celite  of  the  corresponding  A/F  ratio.  In  all  cases  (Table 
2)  the  mixtures  of  minerals  contain  more  lime  and  less  AI2O3  and  Fe203  than  pure  celites  with  the  same  values 
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TABLE  1 

limiting  Compositions  of  Calcium  Aluminoferrites 


Compositions 

Contents  {%) 

A1,0, 

CaO  com- 

AllO, 

CaO  com- 

Basici^ 
of  Fe303 

Gao 

A1,0, 

Fe,0, 

FCjOj 

8GflO  •  3AI2O3  •  F62®3  •  •  • 

49.07 

33.46 

17.47 

1.92 

66.21 

eCaO  .  2.2AI2O3  •  FeaOg  .  . 

46.70 

31.13 

22.17 

1.40 

61.36 

*  — 

— 

6CflO  •  2AI2O3  •  F62O3  •  •  • 

48.06 

29.13 

22.81 

1.28 

48.06 

— 

— 

4CaO  •  AI2O3  •  Fe203  .  .  . 

46.16 

20.98 

32.86 

0.64 

34.62 

11.64 

0.36 

6CaO  •  AI2O3  •  2Fe203  .  .  - . 

44.40 

13.46 

42.16 

0.34 

22.19 

22.21 

0.53 

of  the  A/F  ratio,  P.  Thus,  mixtures  consisting  of  C3A  and  C4AF  and  fused  together  by  a  single  firing  at  1450* 
have  higher  saturation  with  lime  than  calcium  aluminoferrites  of  the  same  A/F  ratio  but  obtained  at  equilibrium 
or  close  to  equilibrium  conditions.  Therefore,  it  can  be  stated  with  certainty  that  in  the  practical  burning  of  a 
clinker  with  an  A/F  ratio  corresponding  to  some  particular  composition  in  Table  1,  this  limiting  composition  is 
not  formed.  In  other  words,  it  cannot  be  assumed  that  when  a  raw  mix  with  P  =  1.92  is  burnt  the  sintering  cUnker 
will  contain  a  solid  solution  of  the  composition  C3A3F,  although  its  A/F  ratio  is  also  1.92;  or  that  the  mineral 
^6^2.2?  will  be  formed  at  P  =  1.40.  It  follows  from  the  data  in  Table  2  that  the  composition  of  the  celites 
formed  will  always  be  different. 


Fig.  1.  X-ray  diagrams  of  glass  with  P  =  0.9:  1)  glass  before  crystallization;  2)  glass 
after  crystallization. 

Evidently  in  a  single  firing  of  the  raw  mix,  with,  moreover,  fairly  rapid  cooling  of  the  melt,  the  conditions 
of  celite  formation  and  the  proportions  of  the  reacting  phases  are  not  the  same  as  in  equilibrium  firing. 

Under  such  conditions  complete  crystallization  of  the  products  is  difficult  to  achieve,  and  as  a  result  part 
of  the  melt  solidifies  to  a  glass.  Our  experiments  showed  that  the  glass  phase  is  just  as  capable  as  the  substance 
in  the  crystalline  state  of  combining  free  lime  in  its  structure.  In  some  instances  it  even  combines  with  more 
lime  than  does  the  crystalline  substance  of  the  same  chemical  composition.  For  example,  glasses  obtained  by 
quenching  of  melts  of  the  compositions  given  in  Table  2  contained  no  free  lime  at  all,  although  the  crystalline 
phase  in  them  was  restricted  to  mere  crystal  nuclei,  the  total  content  not  exceeding  l-2‘7a.  This  indicates  that 
the  glass  contains  groups  similar  in  composition  to  the  primarily  crystallizing  minerals.  Although  the  nature  of 
these  groups,  i.e.,  the  question  whether  they  are  crystallites,  aggregates,  or  merely  short-range  order  formations 
of  some  crystalline  phase,  is  still  not  clear,  it  is  important  that  the  amount  of  lime  combined  by  them  even  ex¬ 
ceeds  the  amount  present  in  thoroughly  crystallized  minerals  of  the  same  A/F  ratio.  The  x-ray  diagrams  of  the 
crystallized  glasses  suggest  that  these  groups  are  crystal  nuclei  of  calcium  aluminoferrites. 

The  reaction  of  celite  formation  occurs  not  between  the  corresponding  oxides  but  between  the  crystalline 
minerals  C3A  and  C4AF.  It  should  proceed  with  greater  difficulty  than  the  first  reaction,  and  may  not  always 
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Actual  Chemical  Composition  of  Celites 
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reach  completion.  The  reason  for  the  difficulty 
is  that  the  reacting  component  in  the  formation 
of  the  solid  solution  is  not  C3A  but  C5A3,  and 
therefore  the  extent  to  which  C3A  enters  a  solid 
solution  with  C4AF  is  determined  by  the  rate  of 
decomposition  of  C3A  into  C5A3  and  CaO.  In 
practice,  however,  the  rate  of  this  reaction  is 
still  so  high  that  even  when  a  mixture  consisting 
of  80<^o  C3A  and  20%  C4AF  is  melted  the  final 
product  contains  only  small  amounts  (1.5 -2,0%) 
of  unreacted  aluminates.  Evidently,  the  great 
tendency  of  C4AF  to  form  solid  solutions  ensures 
that  the  decomposition  products  of  C3A  are  re¬ 
moved  rapidly  from  the  reaction  zone,  so  that 
the  decomposition  of  C3A  is  greatly  accelerated. 

The  celites  formed  retain  the  C4AF  lattice. 

Its  characteristic  intensity  lines  (d^  =  1.820,  d2  = 

=  1.937,  d3  =  2.054)  are  found  even  in  mixtures 
with  P  =  5.15,  containing  only  6.57%  Fe203  (Fig¬ 
ure  2).  The  characteristic  intensity  lines  of  alu¬ 
minates  do  not  appear  up  to  30%  CjA.  The  most 
intense  line  for  C3A  with  d  =  2.696  A  appears 
only  at  above  30%  C3A.  It  is  still  very  weak  at 
this  C3A  content,  but  becomes  more  intense  as  the 
content  is  increased;  this  should  indicate  the 
presence  of  unreacted  aluminate.  However,  the 
remaining  C3A  lines  are  indistinct.  The  presence 
of  C3A  in  the  sintered  product  cannot  be  quanti¬ 
tatively  evaluated  from  the  presence  of  only  one 
line,  and  that  with  a  shifted  maximum.  There¬ 
fore  the  results  of  precision  x-ray  structural  anal¬ 
ysis  are  of  only  qualitative  significance  in  this 
case.  They  demonstrate  that  celites  retain  the 
same  crystal  lattice  over  their  entire  composition 
range  (only  the  interplanar  spacings  change)  and 
that  the  reaction  of  celite  formation  is  rapid  and 
almost  complete. 

Petrographic  analysis  of  the  same  celites 
showed  that  up  to  2%  of  free  aluminates  is  present 
starting  from  P  =  0.84.  The  main  mass  of  the 
crystals  consists  of  aluminoferrites,  the  polariza¬ 
tion  colors  of  which  varied  from  red -brown  to 
yellow -green.  The  amount  of  yellow-green  crys¬ 
tals  increased  with  increasing  C3A  content  in  the 
mixture,  but  the  red -brown  crystals  did  not  disap¬ 
pear  even  at  P  =  5.15.  This  shows  that  the  com¬ 
position  of  celites  formed  in  a  single  firing  is  not 
uniform.  This  can  be  "leveled  out"  only  by 
means  of  slow  cooling. 

The  presence  of  unreacted  aluminates  in  the 
crystallized  product  was  taken  into  account  in 
calculations  of  the  celite  formulas.  However,  even 
this  correction  did  not  remove  the  discrepancy  be- 
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Fig.  2.  X-ray  diagrams  of  celites  obtained  by  fusion  of  C3A  with  C4AF. 

Contents  of  C4AF  and  CsA  respectively  (in  °jo):  1)  100  and  0;  2)  85  and  15; 

3)  70  and  30;  4)  60  and  40;  5)  50  and  50;  6)  40  and  60;  7)  0  and  100; 
x)  aluminoferrite;  small  points  represent  C3A. 

tween  the  chemical  compositions  of  the  equilibrium  mineral  and  of  the  celite  of  the  same  A/F  ratio.  The  max¬ 
imum  amount  of  lime  which  can  be  combined  (for  example,  in  celite  with  P  =  1.90)  is  bO.OO'Jfc,  whereas  the  syn¬ 
thetic  mineral  of  the  same  P  contains  only  49.0%,  This  discrepancy  in  the  lime  contents  suggests  that  one  of 
the  ceUtes  is  merely  unsaturated  with  it.  In  fact,  if  individual  compositions  of  calcium  aluminoferrites  are 
fused  with  free  lime,  the  latter  is  quite  distinctly  absorbed.  The  amount  of  lime  absorbed  varies  from  6  to  8%, 


Fig.  3.  X-ray  diagrams  of  pure  C4AF  and  C4AF  with  addition  of  8%  CaO; 
1)  C4AF;  2)  C4AF  +  CaO. 


according  to  the  composition  of  the  mineral.  For  example,  CjF  absorbs  6%,  while  the  composition  CfAjF,  which 
is  the  most  saturated  with  alumina,  absorbs  8%.  The  absorbed  lime  is  bound  in  some  way  in  the  celite,  as  it 
could  not  be  detected  by  the  ethyl  glycerate  method,  or  by  petrographic  or  precision  x-ray  analysis.  It  is  seen 


in  Figure  3  that  the  intensity  curves  ofpureQAF  andC4AF  with  S^^oCaO  added  are  identical.  The  additional  Ca"*"'' 
ions  merely  expanded  the  C4AF  lattice  somewhat  and  increased  its  interplanar  spacings. 

Celites  obtained  from  a  mixture  of  C3A  and  C4AF  are  unsaturated  with  lime  only  up  to  P  =  1.79;  this  is 
illustrated  by  the  data  in  Table  3. 

A  mixture  consisting  of  84.21<7o  C4AF  and  10.53%  C3A  binds  an  additional  5.26%  of  free  lime.  The  amount 
of  the  additionally  bound  lime  decreases  with  increase  of  C3A  in  the  mixture,  i.e.,  with  increase  of  the  A/F  ratio, 
and  at  P  =  1.79  it  becomes  zero.  However,  the  total  amount  of  lime  bound  by  the  celite  increases  with  increase 
of  P. 

TABLE  3 


Data  Confirming  the  Unsaturation  of  Celites  with  Lime 


Composition  of  mixtures 
(%) 

Contents  (%) 

AljOj 

Fe,Os 

c’S 

0  «  0 

O.Q  < 

&0 
•r-4  ea 

0  <U 

CQ  0 

Formula  of 
celite 

CaO 

AljO, 

FCjOs 

94C2F  +  6CaO . 

44.78 

_ 

55.22 

_ 

_ 

44.78 

0.81 

^2.3^ 

93.5G6AF2  +  6.5CaO  .  .  . 

48.01 

12..58 

39.41 

0.32 

20.76 

27.25 

0.69 

^6^0.86^1.7 

92.4C4AF +  7.6CaO  .  .  . 

60.25 

19.39 

30.36 

0.64 

31.99 

18.26 

0.60 

^6^1.27^1.27 

92G6A2F-f  B.OCaO  .  .  .  . 

52.22 

26.80 

20.98 

1.27 

44.22 

8.00 

0.38 

^6^1.7*^0.84 

8OG4AF  +  IOG3A  +  5GaO  . 

50.70 

21.63 

27.67 

0.78 

35.69 

15.01 

0.54 

^6^1.41*‘’l.l5 

75G4AF+  ISGsA+SGaO  .  . 

60.49 

23.02 

26.49 

0.87 

37.98 

12.51 

0.47 

^6^1.5**’l.l0 

The  foregoing  data  suggest  that  alumina  is  not  merely  distributed  uniformly  in  the  C4AF  lattice  to  form  a 
more  or  less  homogeneous  solution  of  the  given  concentration,  but  retains  its  order  and  structure  in  this  new  and 
complex  lattice.  According  to  the  reaction  condition  this  order  should  be  C5A3,  as  only  this  aluminate  can  form 
solid  solutions  with  C4AF.  However,  the  total  Ume  content  of  the  celite  is  considerably  greater  than  the  amount 
which  could  be  introduced  by  the  two  reacting  components.  Therefore  it  must  be  assumed  that  the  reaction  of 
celite  formation  also  involves  free  Ume,  which  is  absorbed  by  C5A3  in  the  process  of  ceUte  formation  and  forms 
a  new  order,  corresponding  to  C3A  in  basicity,  in  its  lattice;  in  other  words,  at  P  =  1.79  the  reaction  of  ceUte 
formation  can  be  regarded  as  taking  place  between  the  corresponding  amounts  of  C3A  and  C4AF,  since  all  the 
Ume  Uberated  in  decomposition  of  C3A  (Table  4)  is  completely  absorbed  during  this  process.  The  ratio  of  the 
components  in  the  ceUte  in  this  case  corresponds  (hypothetically)  to  the  formation  of  only  two  crystalUne  phases, 
C3A  and  CF,  on  which  the  calculations  should  ultimately  be  based  if  additional  absorption  of  lime  by  the  ceUte 
did  not  occur. 

The  nature  of  the  additional  absorption  of  Ume  is  not  yet  clear.  However,  as  the  amount  of  Ume  absorbed 
diminishes  with  decrease  of  the  calculated  CF  content  (Table  4),  and  as  the  AI2O3  has  by  this  time  reached  the 
the  maximum  basicity  corresponding  to  3CaO,  it  may  be  assumed  that  the  additional  Ume  is  bound  with  calcium 
monoferrite  to  form  a  more  basic  product.  The  question  as  to  whether  this  is  structural  binding  or  merely  the 
formation  of  some  secondary  soUd  solution  of  Ume  and  CF,  or,  which  is  the  same  thing,  Ume  and  C4AF,  is  of  no 
significance  in  principle.  The  only  important  fact  is  that  the  basicity  of  Fe203  changes  as  the  result  of  absorp¬ 
tion  of  Ume,  and  is  no  longer  0.35. 

The  formation  of  ceUtes,  differing  in  composition  from  the  composition  C4AF  assumed  for  calculations, 
during  cUnker  burning  means  that  the  calculation  for  raw  mix  compositions  must  be  modified. 

For  mixtures  with  P  <  1.79,  or,  more  accurately,  for  mixtures  with  P  <  1.60,  since  the  presence  of  other 
components  in  the  raw  mix  alters  the  value  somewhat,  the  question  of  modifying  the  calculation  becomes  par¬ 
ticularly  important.  As  mixtures  with  P  <  1.60  contain  ceUtes  more  highly  saturated  with  Ume,  and  Ume  which 
by  calculation  belongs  to  C3S  in  their  saturation,  this  will  decrease  the  saturation  coefficient  (SK)  of  the  mixture 
relative  to  its  calculated  value,  leading  to  a  decrease  of  the  actual  aUte  content  and  yielding  a  cement  of  lower 
grade.  Evidently,  for  a  closer  approximation  to  the  correct  calculated  value  of  SK  for  this  raw  mix  the  coeffi- 
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TABLE  4 


Constituents  of  the  Solid  Solutions 


Compositions  (%) 

Added 

CaO 

i 

Free  CaO 

from  4CaO  •  ALO,  •  Fe,0, 

fromscaO  • 

A1,0, 

C,A  1 

C«AF 

C*A 

CF 

C,A, 

4CaO 

100 

66.60 

44.40 

5 

96 

62.82 

42.18 

3.62 

1.38 

10 

90 

60.04 

39.96 

7.23 

2.77 

16 

86 

47.26 

37.74 

10.86 

4.16 

30 

70 

38.92 

31.08 

21.70 

8.30 

_ 

_ 

40 

80 

33.36 

26.64 

28.93 

11.07 

_ 

_ 

50 

50 

27.80 

22.20 

36.16 

18.84 

_ 

60 

40 

22.24 

17.76 

43.39 

16.61 

_ 

3.46 

80 

20 

11.12 

8.88 

67.86 

22.14 

_■ 

10.00 

10.63 

84.21 

46.72 

37.49 

7.61 

2.92 

6.26 

16.18 

80.63 

44.83 

36.80 

11.67 

4.46 

3.24 

— 

cient  of  Fe203  in  the  formula  for  calculation  of  SK  must  be  corrected  somewhat. 

It  follows  from  Tables  1-3  that  this  coefficient  has  no  strictly  definite  value,  but  varies  according  to  the 
chemical  composition  of  the  mixture,  burning  conditions,  and  cooling  conditions.  In  practice,  two  coefficients 
should  be  chosen  for  Fe203,  each  one  valid  only  over  a  definite  range  of  P;  0.60  for  P  from  0.32  to  0.64,  and 
0.45  for  P  from  0.64  to  1.60.  In  the  former  instance  the  calculation  formula  becomes: 


SK  = 


GaO  —  I.65AI2O3  —  O.eOFeaOa 
2.8Si02 


The  difference  of  the  calculated  value  of  SK  with  the  use  of  the  coefficient  0.6  is  0.02.  The  corrections 
are  introduced  by  pure  celites  only.  In  practice,  however,  the  interstitial  phase  of  the  clinker,  which  is  a  multi - 
component  phase  of  complex  properties,  introduces  more  significant  corrections  into  the  calculation  for  the  same 
values  of  P.  For  example,  a  clinker  was  made  experimentally  from  a  raw  mix  with  P  =  0.9  and  SK  =  1.10. 

After  the  burning,  this  clinker  should  contain  5.65%  of  free  lime  even  after  reaching  SK  =  1.0,  but  there  was  no 
free  lime  at  all  in  the  product.  This  fact  indicates  that  the  other  components  present  in  die  clinker,  such  as 
MgO,  alkalies,  etc.,  have  a  catalytic  action  on  calcium  aluminoferrite,  favoring  the  formation  of  an  unstable 
complex  highly  saturated  with  lime. 


SUMMARY 

1.  The  conditions  for  the  absorption  of  lime  by  calcium  aluminoferrite  in  practical  burning  of  clinker  dif¬ 
fer  from  those  in  the  separate  formation  of  solid  solutions  of  different  compositions.  Therefore,  the  nature  of  the 
absorption  of  lime,  and  the  amounts  absorbed,  differ  in  the  two  cases. 

2.  For  celites  with  P  of  1.6  or  less  the  coefficient  of  Fe203  in  the  calculation  formula  should  be  changed: 
it  should  be  taken  as  0.60  for  P  from  0.32  to  0.64,  and  0.45  for  P  from  0.64  to  1.60. 

3.  In  practice  the  SK  of  raw  mixes  with  P  s  1.60  can  be  raised  to  1.0  without  danger  of  CaO  remaining  in 
the  free  state. 
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DETERMINATION  OF  THE  GROWTH  RATE  OF  H Y DRA RGI LLI TE  PARTICLES  IN  AN 
ALUMINATE  SOLUTION  BY  THE  LINEAR  GROWTH  OF  THE  CRYSTAL  FACES* 


A.N.  Liapunov  and  E.P.  Kho Imogortse va 
All-Union  Aluminum  -Magnesium  Institute 


According  to  the  established  flieory  of  crystallization,  the  decomposition  of  an  aluminate  solution  consists 
of  two  processes:  a)  decomposition  of  the  solution  owing  to  the  growth  of  the  particles,  b)  decomposition  of  the 
solution  by  formation  of  new  particles  and  by  their  subsequent  growth. 

For  investigation  of  the  decomposition  process,  it  must  be  separated  into  the  two  above  partial  processes, 
the  kinetics  of  which  in  relation  to  various  physicochemical  factors  must  be  studied  separately  first;  as  a  result, 
it  should  be  possible  to  select  favorable  conditions  for  acceleration  of  the  over-all  process  with  greater  precision 
and  better  utilization  of  the  accelerating  factors.  This  investigation  is  the  first  stage  in  a  research  program  on 
acceleration  of  the  decomposition  process, 

EXPERIMENTAL  METHOD 

The  crystallization  of  hydrargillite  from  aluminate  solutions  is  not  determined  by  diffusion;  evidence  for 
this  is  provided  by  the  extreme  slowness  of  the  process  (several  days)  at  high  supersaturation  of  the  solution. 

A  typical  hydrargilUte  druse  is  illustrated  in  Figure  1.  The  druse  contains  convex  and  concave  surfaces, 
with  radii  of  curvature  of  opposite  signs.  In  accordance  with  the  Thomson  equation,  these  surfaces  should  grow 
at  very  different  rates,  as  the  degree  of  supersaturation  of  the  solution  with  respect  to  them  is  different.  Further, 

the  faces  should  grow  at  different  rates  owing  to  the 
vector  properties  of  the  crystals,  while  quite  similar 
faces  may  have  different  growth  rates  owing  to  sur¬ 
face  defects. 

Because  of  the  great  variety  of  conditions  which 
determine  the  growth  of  the  crystal  faces,  on  which 
the  particle  growth  depends,  statistical  methods  of  in¬ 
vestigation  must  be  used.  An  attempt  to  determine 
the  growth  of  hydrargillite  particles  in  the  decompo¬ 
sition  of  aluminate  solutions  was  made  by  Wriggeand 
Ginsberg  [1].  They  concluded,  from  the  results  of  de¬ 
terminations  of  the  adsorption  of  gallium  oxide  by  hy¬ 
drargillite,  that  decomposition  of  the  solution  pro¬ 
ceeds  mainly  by  crystallization  of  hydrargillite  on 
the  surface  of  the  "seeds." 

No  quantitative  estimates  of  the  growth  rate  of 
the  hydrargillite  particles  were  made  in  the  investi¬ 
gation. 


•Communication  I. 
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Let  us  assume  that  the  particles  are  spherical  and  the  particle -size  composition  of  the  precipitate  is  deter¬ 
mined  by  sedimentation  analysis;  the  growth  of  the  particles  is  then  determined  by  the  increases  of  the  equiva¬ 
lent  particle  diameters. 

On  the  curve  for  the  particle -size  distribution  of  the  original  precipitate  used  for  seeding  (figure  2)  we 
select  a  section  with  particle  sizes  from  pj  to  P2,  and  follow  the  variations  in  the  weights  of  the  parades  in  this 
size  range  as  the  particles  grow  by  v  cm. 

The  particles  of  initial  size  £such  that  (pi  -  v)  s  p  ^  Pi  enter  the  particle -size  range  from  pj  to  p2  after 
increasing  in  size  by  v  cm  in  a  definite  time,  as  after  this  increase  their  sizes  lie  in  the  range  from  pj  to  (pj  +  v). 
It  is  assumed  that  Pz  ~  Pi  >  v. 

The  size  p  >  p2  is  reached  by  those  of  the  particles  the  initial  dimensions  of  which  were  from  (P2  -  v)  to 
P2.  Particles  of  initial  dimensions  between  pi  and  (P2  -  v)  grow,  but  remain  in  the  range  pj  to  p2. 

From  the  particle -size  compositions  of  the  initial  precipitate  and  the  precipitate  obtained  at  the  end  of 
the  experiment  we  compile  a  balance  of  the  particles  from  pi  to  P2  in  size.  We  denote  by  Mq  the  total  weight 
of  the  particles  between  p^  and  P2  in  the  seeds  (in  g);  AiM  is  the  initial  weight  of  the  particles  between  (pj  —  v) 
and  Pi  in  the  seeds,  which  grew  during  the  decomposition  to  >  pj  but  less  than  p2  (in  g);  A2M  is  the  increase  in 
wei^t  of  these  particles  due  to  growth  (in  g),  A3M  is  the  weight  increase  (in  g)  of  the  seed  particles  with  initial 
sizes  between  p^  and  (p2  ”  v);  as  stated  above,  these  particles  after  growing  by  v  cm  remain  in  the  fraction  be¬ 
tween  Pi  and  P2;  A4M  is  the  initial  weight  (in  g)  of  the  seed  particles  between  (p2  —  v)  and  p2  which  grew  during 
the  decomposition  to  >  p2,  i.e.,  which  left  the  fraction  between  pi  and  P2;  Mi  is  the  weight  (in  g)  of  particles 
between  pi  and  P2  in  the  precipitate  after  the  experiment. 


The  fraction  with  particles  from  pi  to  P2  undergoes  the  following  changes  during  decomposition.  Particles 
from  the  seeding  addition,  of  original  size  from  (pi  —  v)  to  pi,  enter  the  fraction,  their  weight  being  the  initial 
weight  in  the  seed  AiM  together  with  the  weight  increment  A2M  resulting  during  the  decomposition.  The  weight 
of  the  fraction  increases  by  A3M,  the  weight  increment  of  the  particles  present  in  the  fraction  between  pi  and  P2, 
and  remaining  in  the  same  fraction  after  the  decomposition  process. 

The  weight  of  the  fraction  is  diminished  by  A4M.  As  a  result  of  all  the  changes  undergone  by  the  fraction, 
its  weight  in  the  precipitate  after  the  decomposition  becomes  Mi. 

The  balance  of  all  these  changes  in  the  weight  of  the  fraction  is  represented  by  the  following  equation; 

Mq  -1-  AjM  +  +  A3M  —  A4M  =  Ml .  (1) 

We  denote  the  total  quantity  of  the  seeding  precipitate  by  Qq,  and  the  total  quantity  of  precipitate  after 
the  experiment  by  Qi;  the  percentage  content  of  particles  between  pi  and  pa  in  the  seed  by  qg,  and  in  the  pre¬ 
cipitate,  by  qi  (Figure  2).  In  our  notation  we  have 

Mq  Qpqo/lOO  and  Mi  —  Qiqi/100.  (2) 


In  order  to  express  the  remaining  terms  of  the  balance  equation  in 
terms  of  particle  size  and  growth  rate,  we  proceed  as  follows.  The  particle - 
size  distribution  curve  for  the  seeds  can  be  represented  by  the  following  gen¬ 
eral  equation:  q  =  f(p).  The  percentage  content  of  particles  of  size  £is 
given  by  the  expression  dq  =  f'(p)dp.  The  weight  of  particles  between  (pi- 
-  v)  and  Pi  is; 

O  *’•'  n 

=  ■  J  j 

p,—v  p,—t 

The  weight  increase  of  particles,  initially  between  (pi  -  v)  and  pi,  dur¬ 
ing  the  decomposition  is  found  as  follows.  In  the  general  case,  a  particle  of 
size  £  has  size  (p  +  v)  after  the  decomposition.  The  weight  of  such  a  particle, 

the  density  of  hydrargillite  being  2.43,  is;  2.43  ^(P  +  v)®.  The  weight  in- 
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Fig.  2.  Particle  size  distrib¬ 
ution  curves  for  the  precipi¬ 
tate  before  and  after  growth 
of  the  crystalline  particles: 

A)  contents  of  particles  (wt.'^o); 

B)  particle  size  (/i);  1)  orig¬ 
inal  precipitate;  2)  precipi¬ 
tate  after  the  experiment. 
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crease  of  one  particle  is  2.43  r  (p  +  v)*  -  2.43  r  P*  =  1.27  (3p*v  +  3pv*  +  v*).  The  number  of  particles  of  size  p 

in  1  g  of  the  seeding  hydrargillite  is  1/1. 27p*  =  0.79  p”*.  The  weight  increase,  during  the  decomposition,  of 
all  the  particles  of  initial  size  £  present  in  1  g  is  0.79p‘*  x  1.27  (3p*v  +  3pv^  +  v®)  =  3v/p  +  3vVp“  ■>  v*/p^. 

The  particles  of  size  £,  the  weight  of  which  in  the  seeds  was  Modq/100  =  Mof’(p)  dp/100,  increase  in 
weight  by  Mo/100f'(p)  (3v/p  +  3vVp*  +  vVp*)dp,  during  the  decomposition. 

Clearly,  particles  between  (pj  —  v)  and  £in  the  seed  hydrargillite  increase  in  weight  during  the  decompo¬ 
sition  by 

_  Pi 

■^2^  =  100.1  +  +  (4) 
ri“«' 


By  similar  reasoning,  an  analogous  expression  is  obtained  for  the  weight  increase  of  particles  between  pi 
and  (p2  -  v)  in  the  seed  hydrargillite,  during  the  decomposition. 

Pi — ” 

Qo  f  /  »  p3\ 

=  J  ^  (p)  (5) 

«I 

Particles  between  (p2  -  v)  and  p2  increase  in  size  by  v  cm  during  the  decomposition  and  leave  the  fraction 
between  pj  and  P2,  the  weight  of  these  particles  being 

Pi 

=  J  f(P)^P-  (6) 


The  terms  given  by  the  Equations  (2-6)  are  substituted  into  the  balance  Equation  (1);  simple  rearrangement  gives: 

j  riP)dp+  j  {3j  +  3^  +  °^)t'(p)'lp-  I  np)dp=  (7) 

p,-t  p^-t 

This  equation  contains  only  one  unknown,  v. 

We  now  pass  to  certain  very  important  limitations  of  the  applicability  of  Equation  (7)  to  determination  of 
the  increase  of  the  equivalent  diameters  of  the  particles  during  the  decomposition  process  owing  to  linear  growth 
of  the  crystal  faces  (by  definition  of  v). 

First  limitation.  Dispersion  of  the  particles  takes  place  immediately  after  the  addition  of  the  seeding  hy¬ 
drargillite  to  the  aluminate  solution.  The  occurrence  of  this  process  was  established  by  Maricic  and  Markovcic 
[2].  Therefore,  the  particle  size  composition  of  the  seeding  hydrargillite,  on  which  Equation  (7)  is  based,  must 
be  determined  after  this  process  is  completed.  The  time  from  the  moment  of  addition  of  the  seed  to  the  alumi¬ 
nate  solution  after  which  the  particle-size  composition  of  the  precipitate  may  be  determined,  must  be  found  ex¬ 
perimentally. 

Second  limitation.  The  particle  size  may  change  both  by  growth  of  the  crystal  faces  and  as  the  result  of 
collisions  between  the  particles,  cohesion  of  colliding  particles,  and  coalescence  of  the  cohered  particles.  To 
avoid  particle  growth  due  to  these  processes,  a  small  amount  of  seed  must  be  taken,  i.e.,  the  concentration  of 
the  particles  must  be  relatively  low;  this  decreases  sharply  the  number  of  collisions  and  the  coalescence  of  the 
particles  into  druses.  The  following  method  may  be  used  as  a  check  that  the  increase  of  the  particle  size  oc¬ 
curred  by  growth  of  the  crystal  faces.  The  growth  of  particles  as  the  result  of  thickening  of  the  crystal  faces  does 
not  involve  a  change  of  the  number  of  particles.  On  the  other  hand,  increase  of  particle  size  owing  to  coalescence 
into  druses  is  accompanied  by  a  sharp  change  in  the  number  of  particles.  It  follows  from  the  foregoing  that  the 
weight  of  all  the  particles  of  size  £in  the  seed  precipitate  is  Q^ffp)  dp/100,  and  the  weight  of  one  particle  is 
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1.27  p^.  The  number  of  particles  of  size  £in  the  precipitate  is  QQf'(p)dp/(100  •  1.27  p®).  The  growth  of  the  par¬ 
ticles  between  (Pj  —  v)  and  pjin  the  seed  precipitate  is  under  consideration.  The  number  of  such  particles  is: 


Q.) 

100 . 1.27 


1 


f(p)dp  _ 
P' 


If  these  particles  grow  during  the  decomposition  as  the  result  of  thickening  of  the  crystal  faces,  their  size  in¬ 
creases  and  after  the  process  their  size  in  the  precipitate  is  in  the  range  pj  to  (p2  +  v).  The  number  of  such  par¬ 
ticles  in  the  precipitate  after  the  decomposition  is: 

Qi  f  F  {p)  dp 
100.1.27  J  p3 

Vi 


where  F'(p)  is  a  derived  function  which  represents  the  curve  for  the  particle -size  distribution  of  the  hydrargillite 
after  decomposition,  q  =  F(p). 

The  condition  of  applicability  of  Equation  (7)  for  determination  of  the  increase  of  the  equivalent  diameter 
of  the  particles  by  linear  growth  of  the  crystal  faces  is  that  the  number  of  particles  between  (pj  -  v)  and  P2  in  the 
seed  should  be  equal  (within  the  limits  of  experimental  error)  to  the  number  of  particles  between  pj  and  (p2  +  v) 
in  the  precipitate  obtained  after  the  decomposition 


Qo 


Pi 


f’{p) 


100  -1.27 


dp  = 


Qi 


Pj+e 


F'  (p)  dp 


100 . 1.27 


Pi—» 


(8) 


Equation  (8)  is  the  condition  that  druses  are  not  formed  as  the  result  of  coalescence  of  particles  between 
(Pi  -  v)  and  p2  in  the  seed.  If  this  is  so,  there  is  no  reason  to  believe  that  particle  growth  occurs  by  selective 
collision  of  coalescence  of  particles  between  (pj  -  v)  and  (p2  +  v)  with  particles  of  size  <  (pj  —  v). 

Therefore,  Equation  (8)  is  the  condition  that  particle  growth  does  not  occur  as  the  result  of  collisions  and 
coalescence  of  particles  of  any  size. 

Third  limitation.  The  fraction  between  pj  and  P2  must  cover  a  fairly  wide  range,  so  that  (p2  “  Pi)  is  greater 
than  v^.  If  (p2  -  Pi)  <  V,  some  of  the  particles  initially  between  (pj  -  v)  and  p^  would  become  larger  than  p2.  i.e., 
they  would  leave  tlie  portion  of  the  particle -size  distribution  curve  under  consideration;  this  is  not  allowed  for 
in  Equation  (7). 

Fourth  limitation.  It  is  necessary  for  v  to  be  less  than  p^,  as  otherwise  particles  formed  from  nuclei  may 
enter  the  range  between  p^  and  p2.  The  absence  of  this  effect  is  ako  indicated  by  the  validity  of  Equation  (8). 

SUMMARY 

A  method  is  proposed  for  determination  of  the  average  growth  rate  of  hydrargillite  particles  suspended  in 
large  numbers  in  a  supersaturated  aluminate  solution,  as  the  result  of  growth  of  the  crystal  faces. 

The  characteristic  feature  of  the  method  is  that  it  eliminates  the  error  caused  by  increase  of  the  particle 
size  owing  to  aggregation  of  the  particles. 

The  method  may  be  applicable  to  determinations  of  the  growth  of  crystalline  particles  of  other  substances 
suspended  in  supersaturated  solutions,  as  the  result  of  linear  growth  of  the  crystal  faces. 
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INVESTIGATION  OF  THE  INFLUENCE  OF  HYDRODYNAMIC  CONDITIONS  ON 
THE  RATE  OF  ABSORPTION  OF  NITROGEN  OXIDES  BY  Ca(OH)2  SOLUTION 
IN  A  SEMIWORKS  SCALE  MECHANICAL  ABSORBER* 

S.N.  Ganz 

The  Dnepropetrovsk  Institute  of  Chemical  Technology 


The  influence  of  hydrodynamic  conditions  on  the  rate  of  absorption  of  nitrogen  oxides  by  milk  of  lime  was 
studied  in  a  high-speed  mechanical  absorber  in  a  semiworks  unit,  with  the  use  of  industrial  gas  from  a  nitric 
acid  plant.**  Analogous  studies  were  carried  out  earlier  in  laboratory  conditions  [1]. 


The  semiworks  scale  mechanical  absorber  was  1.54  m  long  and  0.88  m  in  diameter.  The  volume  of  the 
absorber  was  1  m’.  The  absorber  contained  a  longitudinal  shaft  with  four  perforated  discs  attached  to  it.  Each 
disc  carried  14  vanes  bent  toward  each  other.  The  discs  were  mounted  on  the  shaft  in  such  a  way  that  the  open¬ 
ings  of  the  vanes  faced  each  other.  This  ensured  the  formation  of  continuous  layers  of  foam  and  droplets  during 


•Communication  I. 

•*The  work  was  carried  out  with  the  active  participation  of  B.G.  Ovcharenko,  M.A.  Petrichenko,  and  lu.V. 
lastrebov.  M.A.  Lokshin,  S.B.  Leibovich,  A.S.  Kaigorodova,  O.V.  Vavilov  and  others  assisted  in  the  work. 
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rapid  rotation  of  the  discs.  The  scheme  of  the  process  is  shown  in  Figure  1. 

The  nitrogen  oxides  from  the  contact  unit  were  cooled  in  a  gas  condenser  to  60-70®  and  fed  into  the  ab¬ 
sorber,  3,  through  the  duct,  1,  by  means  of  the  fan,  2,  The  duct  was  fitted  with  a  pipe  through  which  air  was 
drawn  in.  In  this  way  the  concentration  of  nitrogen  oxides  in  the  gas  could  be  varied  at  will. 

The  amount  of  gas  entering  the  system  was  regulated  by  a  slide  valve  in  the  duct  beyond  the  contact  unit. 

A  slide  valve  on  the  bypass  tube  of  the  fan  was  used  for  finer  regulation.  The  amount  of  gas  supplied  was  de¬ 
termined  by  means  of  the  differential  manometer,  4. 

After  the  absorber,  the  gas  passed  to  the  separator,  5,  where  liquid  droplete  were  removed,  and  then  es¬ 
caped  into  the  air  through  the  flue,  6.  The  Ca(OH)2  suspension  was  first  prepared  in  the  mixer,  7,  and  then  fed 
into  the  circulating  tank,  8;  the  nitrate  and  nitrite  liquors  circulating  in  the  system  also  entered  this  tank.  As 
milk  of  lime  was  added  to  the  suspension,  a  corresponding  amount  of  nitrate -nitrite  liquor  was  withdrawn  from 
the  system.  The  suspension  was  withdrawn  from  the  tank,  8,  by  means  of  the  centrifugal  pump,  9,  and  fed  into 
the  absorber  from  above.  When  the  liquid  level  in  the  absorber  reached  a  height  equivalent  to  0.25  of  its  dia¬ 
meter,  the  liquid  flowed  o"t  of  the  apparatus  through  the  leveling  tube,  10,  and  returned  to  the  tank,  8.  The 
amount  of  liquid  circulating  in  the  system  was  5  m®.  Gas  samples  for  analysis  were  taken  directly  as  the  gas  en¬ 
tered  and  left  the  absorber,  at  the  points  11  and  12.  Liquid  samples  for  analysis  were  taken  at  the  points  13  and 
14,  and  pressures  at  each  end  of  the  apparatus  were  measured  by  means  of  the  manometers,  15  and  16.  The 
power  consumption  was  determined  by  means  of  the  control  ammeter  and  voltmeter  on  the  panel,  17. 

EXPERIMENTAL 

The  investigations  in  the  semiworks  unit  were  divided  into  two  stages.  In  the  first,  the  influence  of  hydro - 
dynamic  and  physicochemical  factors  on  the  absorption  rate  was  studied.  Here  the  unit  was  operated  intermit¬ 
tently,  and  the  operating  time  was  determined  by  the  duration  of  the  particular  experiment.  The  influence  of 
peripheral  disc  speed,  space  velocity,  amount  of  liquid  in  the  absorber,  contents  of  CaO  and  nitrates  and  nitrites 
in  the  liquor,  degree  of  oxidation  of  the  gas,  etc.,  were  studied  at  this  stage. 

In  the  second  stage  the  unit  was  operated  continuously  under  constant  conditions,  selected  on  the  basis  of 
the  preceding  experiments.  The  technological  process  conditions  were  to  be  determined  from  the  results  of  this 
series  of  experiments. 

The  first  stage  of  the  investigations  lasted  more  than  1.5  months,  and  the  second,  about  2.5  months.  Dur¬ 
ing  this  period  more  than  3000  analyses  of  the  gas  and  liquid  phases  were  performed,  so  that  it  was  possible  to 
generalize  the  experimental  data  and  to  work  out  the  optimum  conditions  for  the  technological  process. 

Effect  of  peripheral  disc  speed.  Earlier  investigations  [1]  showed  that  the  peripheral  disc  speed  largely  de¬ 
termines  the  hydrodynamic  regime  and  thereby  the  rate  of  the  process.  This  factor  was  studied  in  the  semiworks 
unit  under  the  following  constant  conditions:  CaO  content  in  liquor  70-80  g/liter,  content  of  nitrites  and  nitrates 
10-20  g/liter,  space  velocity  of  gas  400  m®  of  gas/m®  of  absorber  per  hour;  the  NO  +  NO2  concentration  in  the 
gas  varied  from  0.14  to  4^0,  and  the  degree  of  oxidation  of  NO  varied  between  65  and  lb°lo* 

The  peripheral  disc  speed  was  varied  in  the  ranges  of  14-15,  22-23,  and  27-28  m/second.  The  variations 
of  the  peripheral  disc  speed  were  effected  by  interchange  of  sheaves  on  the  motor  shaft  and  the  absorber  shaft. 
The  drive  from  the  motor  to  the  absorber  was  transmitted  by  means  of  V-belts. 

The  average  results  of  these  experiments  are  given  in  Table  1  and  plotted  in  Figure  2. 

A  number  of  points  were  obtained  under  production  conditions  for  similar  concentrations  of  NO  +  NO2  in 
the  gas  (Curve  1  for  0.14-0.3‘yo,  Curve  2  for  0.6-0. 8%,  etc.);  therefore.  Table  1  gives  the  average  values  of  these 
concentrations  and  calculated  values  for  the  absorption  rates,  driving  force,  and  absorption  coefficients.  There 
was  no  regularity  in  the  deviations  of  individual  points;  they  were  probably  caused  by  fluctuations  of  the  NO  + 

+  NO2  concentrations  in  the  gas  and  by  experimental  error. 

The  experimental  data  are  based  on  analyses  of  the  gas  and  liquid  phases.  The  contents  of  CaO,  Ca(N02)2 


•According  to  the  temperature  and  the  concentration  of  nitrogen  oxides  and  oxygen  in  the  gas. 
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TABLE  1 


Variation  of  Absorption  Rate  with  Peripheral  Disc  Speed  and  NO  +  NO2  Concentration 
in  the  Gas  (w  =  400  mVm*'hour,  t  =  60-70“,  CaO  70-80  g/liter,  calcium  nitrate  + 

+  nitrite  10-20  g/liter;  degree  of  oxidation  of  NO  =  60 -68*70) 


Peripher¬ 
al  disc 
speed 

Aver,  concentration 
(<7o)  of  NO  +  NO2 

Degree  of 
absorption  a 

Absorption 

rate 

G/v  r 

Driving 
force  of 
absorption 
Ap 

Absorption 

coefficient. 

at  entry 

at  exit 

Vg 

(m/sec) 

*1 

100  (x,  —  X,) 

28  •  w  (x, — X,) 

0.01  (.X,  —  X,) 

G 

AP 

(in  kg/m*  *  hr  • 
Patmos) 

*1 

(in  <7o) 

22.4  ■  100 

(kg/m>-  hr) 

2.3  IgXi'y, 
(in  atmos) 

15 

I  ( 

0.066 

70.0 

0.770 

0.01128 

601 

22.0 

}  0.220  { 

0.048 

78.3 

0.860 

0.00113 

760 

28.0 

1  1 

0.045 

79.7 

0.875 

0.01110 

793 

15 

1  i 

0.190 

73.0 

2.5.50 

0.00392 

651 

22.0 

\  0.700 

0.075 

89.0 

3.125 

0.01280 

1115 

28 

1  1 

0.060 

91.0 

3.200 

0.00261 

1226 

15 

1  ( 

0.300 

75.0 

4.500 

0.00650 

692 

22 

)  1.200  { 

0.100 

91.6 

5.500 

0.01443 

1241 

28 

1  1 

0.080 

93.3 

5.600 

0.00414 

1352 

15 

]  f 

0.870 

76.8 

14.400 

0.01974 

729 

22 

0.260 

93.0 

17.450 

0.01309 

1332 

28 

1  1 

(».205 

94.5 

17.725 

0.01221 
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and  Ca(N03)2  were  determined  in  the  latter. 

Nitrogen  oxides  were  determined  by  the  calibrated  flask  method,  total  nitrogen  in  the  liquid  phase  was 
found  by  the  Devarda  method,  and  calcium  nitrite  was  found  by  titration  with  0.1  N  permanganate  solution. 

The  absorption  rate  (productivity  per  unit  reaction  volume  of  the  absorber,  in  kg  of  nitrogen  per  1  m*  of 
absorber  volume  per  hour)  was  found  from  the  equation: 


G  28  •  w  (arj  —  kg  N2 
V  ■  X  22.4  •  100  'hrs  ' 


where  x^  and  X2  are  the  initial  and  final  concentrations  of  NO  +  NO2  in  the  gas  (in  <7o),  and  w  is  the  space  velocity 
(in  mVni*  •  hour). 


The  driving  force  of  absorption  was  determined  as  the  logarithmic  mean  difference  of  the  nitrogen  oxide 
concentrations  at  the  entry  and  exit.  The  vapor  pressure  of  nitrogen  oxides  over  the  liquor  was  taken  as  zero. 


^P 


0.01  (xj  —  X2) 


atmos 


The  coefficient  of  absorption  of  nitrogen  oxides  was  found  from  the  equation; 

K 

SP- 


(2) 


The  absorption  coefficients  calculated  from  Equation  (2)  are  given  in  Table  1  and  plotted  in  Figures  3  and 4. 

Examination  of  the  results  shows  that  degree  of  absorption  of  nitrogen  oxides  increases  with  increasing 
peripheral  disc  speed,  irrespective  of  their  concentration.  However,  this  increase  continues  only  up  to  a  certain 
limit.  At  first  the  degree  of  absorption  increases  very  rapidly  with  the  disc  speed  and  the  curves  ascend  steeply, 
especially  on  increase  of  Vg  to  22-23  m/second.  Beyond  this  the  curves  flatten  appreciably  and  at  Vg  =  27-28 
m /second  they  are  roughly  parallel  to  the  abscissa  axis. 
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Fig.  2.  Effect  of  peripheral  disc  speed  on  the  de¬ 
gree  of  absorption  of  nitrogen  oxides  at  t  =  60*, 
w  =  400  mVm^'hour,  concentration  of  nitrite  +  ni¬ 
trate  10-20  g/liter.  A)  Degree  of  absorption  {‘’jo)-, 

B)  peripheral  disc  speed  (m/second).  Concentra¬ 
tion  of  NO  +  NOj  in  die  gas  (in  1)  0.14-0.3; 

2)  0.6-0.8;  3)  0.9-1.5;  4)  3.5-4. 

sorbed  hardly  at  all  at  concentrations  below  0.15-0.18‘5o 


Experiments  on  the  absorption  of  nitrogen  oxides 
by  caustic  alkali  and  other  absorbents,  performed  un¬ 
der  laboratory  conditions  at  very  high  shaft  speeds 
showed  that  there  is  a  critical  region  cf  peripheral 
speeds  which  should  not  be  exceeded,  as  the  absorp¬ 
tion  rate  decreases  above  this  region. 

Since  the  rate  of  absorption  of  nitrogen  oxides 
at  Vg  =  28  m /second  was  not  much  higher  than  the 
rate  of  absorption  at  Vg  =  22-23  m/second,  and  since 
the  power  consumption  in  the  rotation  of  a  shaft  with 
discs  is  proportional  to  the  rpm  raised  to  the  power 
2.02  [2],  the  peripheral  disc  speed  Vg  =  22  m/second 
was  selected  as  the  most  suitable. 

It  follows  from  Figure  2  that  the  higher  the  con¬ 
centration  of  nitrogen  oxides  in  the  gas,  the  higher  do 
the  curves  for  the  NO  +  NOj  concentration  lie.  How¬ 
ever,  the  convergence  of  these  curves  increases  with 
increasing  peripheral  disc  speed  (with  the  exception 
of  Curve  1,  which  represents  extremely  low  NO  +  NO2 
concentrations).  This  confirms  the  earlier  view  [3] 
that  in  conditions  of  high  turbulence  the  Influence  of 
the  NO  +  NO2  concentration  in  the  gas  on  the  absorp¬ 
tion  rate  becomes  somewhat  weaker. 

It  follows  from  the  results  that  low  concentra¬ 
tions  of  gas,  from  0.14  to  0.3*70,  are  absorbed  relatively 
well  under  conditions  of  high  turbulence.  The  experi¬ 
ence  of  many  industrial  units  shows  that  the  absorption 
of  nitrogen  oxides  at  concentrations  below  0.3*7o  in 
packed  towers  is  extremely  slow,  while  they  are  ab- 
i  the  existing  reaction  spaces. 


The  method  of  graphical  analysis  of  the  experimental  data  [4]  was  used  to  find  equations  for  determina¬ 
tion  of  particular  values  of  the  absorption  coefficient  K  =  ffx^Vg),  and  a  general  equation  for  determination  of 
the  absorption  coefficient  in  the  range  of  NO  +  NO2  concentrations  from  0.22  to  3. 75*70, for  peripheral  disc  speeds 
from  14  to  30  m/second. 

This  equation  has  the  general  form: 


K  =  m  ‘  ^Vg  -f-  n. 


(3) 


The  curves  in  Figure  3  were  used  to  determine  the  coefficients  m  and  n  for  each  value  of  x. 

By  selecting  two  points  on  each  curve,  we  obtain  two  equations: 

Ky  =  m»  -f  n 
K^  =  m  ‘  ^i>4  n, 

into  which  we  substitute  the  experimental  values  for  Kj,  Vj,  K4,  V4. 

We  solve  these  equations  to  find  the  values  of  the  coefficients  m  and  n. 

The  following  particular  coefficients  of  absorption  were  determined  by  this  mediod: 

Kx=  390  •  —  400;  at  *1  =  0.22%  ^4^ 

A:2  =  1130  . -2260;  at  xz  =  0J%  (5) 
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Fig.  3.  Effect  of  peripheral  disc  speed  on  the  co¬ 
efficient  of  absorption  of  nitrogen  oxides  at  w  = 

=  400  mVm®*hour,  t  =  60“,  and  concentration  of 
nitrite  +  nitrate  10-20  g/liter.  A)  Coefficient  of 
absorption  (in  kg/m*  •  hour  *  atmos);  B)  concen¬ 
tration  of  NO  +  NOj  in  the  gas  (scale  1/x);  C) 
coefficients  m  and  n  in  the  equation  K  =  m  Vg  + 

+  n;  D)  peripheral  disc  speed  (in  m/second);  E) 
scale.  Concentration  of  NO  +  NO2  in  the 
gas  (^o):  1)  0.22;  2)  0.7;  3)  1.2;  4)  3.75.  Con¬ 
tinuous  lines  represent  the  NO  +  NOj  concentra¬ 
tion  in  the  gas  in  coordinates  with  a  uniform  scale, 
dash  lines  -  in  coordinates  with  scale,  lines 
for  the  coefficients  m  and  n:  5)  n,  1/x;  6)  m,  1/x. 


Fig.  4.  Effect  of  space  velocity  and  NO  +  NOj 
concentration  on  the  degree  of  absorption  of  ni¬ 
trogen  oxides  by  Ca(OH)2  suspension:  Vg  =  25 
m/second,  t  =  60®,  CaO  =  50-70  g/liter,  nitrite  + 
nitrate  10-15  g/liter.  A)  Degree  of  absorption 
(*1^);  B)  space  velocity  (in  m*/m*’hour).  Con¬ 
centration  of  NO  +  NO2  in  gas  (in  <^o):  1)  0.15- 
0.3;  2)0.7-0.9;  3)  1.2-1.7;  4)3.5-4.5. 


ATg  =  1 300  •  1}';;  —  2640;  at  *3  =  1 .2% 

A'4  =  1425  .  '5';^  —  2920;  at  =  3.75o/o  ^7) 

To  derive  a  general  equation  for  the  absorption  coefficient,  the  functional  relationships  m  =  fj(x)  and 
n  =  f2(x)  were  determined. 

A  linear  plot  was  obtained  in  coordinates  with  an  inverse  scale  along  the  x  axis  and  a  uniform  scale  along 
the  m  and  n  axis. 

This  relationship  is  represented  by  the  equations: 


«=Oi(4)  +  ‘l- 


Since  the  ratio  of  the  uniform  scale  (x)  on  which  the  inverse  scale  is  based  (Figure  3)  differs  from  the  ratio 
of  the  uniform  scale  for  the  second  variable  (a,b),  the  coefficients  a  and  b  are  respectively: 


(”M  —  wii)  •  .  3:4 


a 


The  same  procedure  is  used  to  find  and  bj^. 

In  this  way  the  follov^no  formulas  were  obtained: 


m==  1490— 241  •  x-i. 


n  =  — (3080— 590  r-i). 


Then  the  general  coefficient  of  absorption  Kg  =  f(Vg.  x)  is  given  by  the  equation: 

(1490-241  .  x-i)  .  4-  +  (590  •  x-i-3080).  (8) 

This  equation  is  valid  for  w  =  400  mVm’*hour,  Vg  =  14-30  m/second,  x  =  0.22-3. 75*70,  Cjjq  =  10-20  g  of  cal¬ 
cium  nitrite  and  nitrate  per  liter,  CaO  =  70-80  g/liter  and  t  =  60-70°. 

The  values  of  Kg  calculated  from  Equation  (4)  deviate  by  3-4<7o  from  the  experimental  data;  thus,  there 
is  good  agreement  between  the  calculated  and  the  experimental  values. 

Effect  of  space  velocity  on  the  coefficient  of  absorption.  A  second  important  hydrodynamic  factor  which 
determines  the  rate  of  the  process  in  the  apparatus  is  the  space  velocity  of  the  gas. 

For  a  constant  open  cross-section  of  the  absorber,  the  space  velocity  determines  the  linear  velocity  of  the 
gas;  the  higher  the  space  velocity,  the  higher  is  the  linear  velocity. 

The  experiments  showed  that  the  rate  of  absorption  first  rises  rapidly  with  increasing  space  velocity,  as  in 
this  case  the  gas  velocity  is  a  powerful  factor  in  increasing  turbulence.  The  absorption  rate  continues  to  increase 
up  to  a  definite  maximum,  and  then  begins  to  decrease  with  increasing  space  velocity.  The  experiments  showed 
that  the  best  hydrodynamic  regime  becomes  established  in  absorbers  at  linear  gas  speeds  between  0.8  and  2.5 
m /second. 

The  efficient  hydrodynamic  regime  breaks  down  at  linear  gas  velocities  above  2.5  m/second.  The  foam 
layer  is  destroyed,  small  drops  coalesce  into  large  aggregates,  and  the  latter  separate  out  of  the  gas  phase.  All 
this  diminishes  the  phase  contact  area,  and  leads  to  breakthrough  of  large  jets  of  gas  through  the  apparatus.  The 


TABLE  2 

Variation  of  Absorption  Rate  with  Space  Velocity  and  NO  +  NO^  Concentration  of  the 
Gas  at  Vg  =  22  m/second,  t  =  60-70°,  CaO  =  60-70  g/liter,  calcium  nitrite  +  nitrate 
10-15  g/Uter 


Space 

velocity 

Aver,  concentration 
(in  <7o)  of  NO  +  NO2 

Degree  of 
absorptior 

Absorption 
rate  G/v  r 

Driving  forc( 
of  absorp¬ 
tion,  AP 

Absorption  co¬ 
efficient,  Kg 

at  entry 

at  exit 

a 

*1 

*2 

in  °lo 

kg/m*  •  hr 

in  atmos 

kg  nitrogen/m* 

(m»/m3  • 

•  hour  •  atmos 

•hr) 

200 

0.045 

80.1 

0.456 

0.001 1 2 

402 

300 

1  0.225  j 

0.046 

79.5 

0.671 

0.00113 

595 

400 

0.047 

79.1 

0.890 

0.00114 

782 

500 

I  1 

0.0475 

78.9 

1.109 

0.001142 

971 

200 

1  1 

0.080 

90.0 

1.800 

0.00313 

567 

300 

>  0.800  1 

0.092 

88.5 

2.655 

0.00328 

810 

400 

0.096 

88.0 

3.520 

0.00332 

1058 

500 

1  ( 

0.100 

87.5 

4.375 

0.00337 

1298 

200 

1  f 

0.081 

94.4 

3.423 

0.004750 

720 

300 

>  1.450  j 

0.112 

92.3 

5.017 

0.005230 

9.59 

100 

0.135 

90.7 

6.575 

0.005545 

1185 

500 

I  1 

0.146 

89.9 

8.150 

0.005687 

1433 

200 

0.120 

97.0 

9.700 

0.01108 

876 

300 

[  4.000  j 

0.220 

94.5 

14.175 

0.01284 

1104 

400 

0.280 

93.0 

18.600 

0.01401 

1328 

500 

)  1 

0.340 

91.5 

22.875 

0.0148 

1540 
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Fig.  5.  Determination  of  the  coefficients  of 
absorption  of  NO  +  NO2  by  Ca(OH)2  at  differ¬ 
ent  space  velocities  and  concentrations  of 
NO  +  NO2.  A)  Absorption  coefficient  (kg/m*  • 
•  hour  •  atmos);  B)  values  of  the  coefficient  b 
(scale  b*‘®);  C)  concentration  of  NO  +  NO2  in 
gas  (<7o);  D)  space  velocity  (in  mVm**hour). 
Concentrations  of  NO  +  NO2  in  gas  (‘^o);  1) 
0.225;  2)  0.8;  3)  1.45;  4)  4.0;  5)  variations 
of  the  coefficient  b  in  x  —  b*'®  coordinates. 


A 


Fig.  6.  Effect  of  the  amount  of  liquid  in  the 
absorber  on  the  degree  of  absorption  of  nitro¬ 
gen  oxides.  A)  Degree  of  absorption  {<^0);  B) 
volume  of  Uquid  (as  <^0  of  the  volume  of  ab¬ 
sorber);  C)  amount  of  liquid  in  absorber  (in 
liter). 


space  velocity  determines  the  time  of  contact  between  the 
phases  and  the  degree  of  absorption  which  depends  upon  it. 
The  combined  influence  of  these  factors  determines  the 
productivity  of  the  apparatus.  The  effect  of  the  space  vel¬ 
ocity  on  the  degree  of  absorption  was  studied  under  the 
following  constant  conditions:  Vg  =  22  m/second,  tgas  = 

=  60-70®,  CaO  =  50-75  g/liter,  nitrate  +  nitrite  =  10-15 
g/liter.  Individual  series  of  experiments  were  carried  out 
at  the  following  concentrations  of  NO  +  NO2  in  the  gas: 
0.15-0.3,  0.7 -0.9,  and  1.2-1. 5  to  4*70.  The  following 
space  velocities  were  studied  at  each  gas  concentration: 

200,  300,  400  and  500  mVm*-  hour.  The  results  of  these 
experiments  are  plotted  in  Figure  4.  Every  point  in  this 
graph  represents  the  average  results  of  two  to  three  analyses 
for  constant  process  conditions. 

The  same  data  are  given  in  Table  2  for  average  cal¬ 
culated  concentrations  of  the  gas.  The  values  of  the  ab¬ 
sorption  rate  (G),  driving  force  of  absorption  (AP),  and  ab¬ 
sorption  coefficient  (Kg)  were  calculated  for  these  concen¬ 
trations.  The  graph  for  the  function  K2  =  f (w,  x),  where  x 
is  the  initial  concentration  of  NO  +  NO2  in  the  gas  is  plot¬ 
ted  from  these  data  in  Figure  5. 

Figure  4  shows  that  the  degree  of  absorption  of  nitro¬ 
gen  oxides  decreases  smoothly  with  increasing  space  velo¬ 
city  at  all  concentrations  of  NO  +  NO2.  It  is  also  seen  that 
low  concentrations  of  NO  +  NO2  can  be  absorbed  fairly 
completely  at  high  space  velocities. 

The  straight  lines  in  Figure  5  show  that  the  absorp¬ 
tion  coefficients  increase  with  space  velocity  and  NO  + 

+  NO2  concentration  in  the  gas. 

For  convenience  in  calculation,  the  values  of  the  ab¬ 
sorption  coefficient  are  given  in  kg  nitrogen/m*  •  hour  •  at¬ 
mos. 


It  was  found  by  generalization  of  the  experimental 
data  that  K  =  f(w)  for  various  concentrations  of  nitrogen 
oxides  may  be  represented  by  the  linear  function: 


K  =  a  •  ID  -\-b. 


(9) 


The  values  of  the  coefficients  a  and  b  were  found  from 
Figure  5  by  graphical  analysis;  the  formulas  for  determin 
ation  of  the  particular  coefficients  of  absorption  are: 


^■1=  1.896  .  ti;  + 23;  at 

xi  =  0.225%NO-1-NO2, 

(10) 

A^2  =  2.410  .  u;  + 93;  at 

*2  =  0.8% 

NO  +  NO2, 

(11) 

A^3=  2.376  .  u;  +  245;  at 

X3==1.45% 

NO-I-NO2, 

(12) 

iir4  =  2.213  .  u;  f  434;  at 

X4  =  4.00/0 

NO  -f  NOg. 

(13) 

The  equation  for  determination  of  the  general  coefficient  of  absorption  in  the  range 


X2-X4  was  found  by 
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rectification  of  the  curve  for  the  coefficient  b  in  x  and  coordinates.  The  average  value  of  the  coefficient 
a  was  taken  as  2.4. 

This  gave  the  following  equation  for  the  general  coefficient  of  absorption: 

Kg  =  2A  ■  w •  X.  (14) 

This  equation  is  valid  for  w  =  200-500  mVni^'hour,  x  =  0.3 -4*70,  Vg  =  22-23  m/second,  t  =  60-70°,  con¬ 
centration  of  nitrate  and  nitrite  Cjjq  =  8-15  g/Uter,  CaO  =  50-80  g/Iiter. 

At  low  concentrations  of  NO  +  NO2  (below  0.3^o),  Equation  (14)  gives  deviations  of  \Q-V2P]o  from  the  ex¬ 
perimental  values.  Therefore,  for  low  concentrations  of  NO  +  NO2  it  is  better  to  use  the  formula  for  the  particu¬ 
lar  coefficients  of  absorption: 

^■=1.9  .  u;  4- 23. 


In  that  case  the  discrepancy  between  the  experimental  and  the  calculated  values  does  not  exceed  1.5<7o. 

Optimum  quantity  of  liquid.  The  experiments  showed  that  the  ratio  of  the  liquid  volume  to  the  absorber 
volume  has  a  significant  influence  on  the  absorption  rate. 

If  the  amount  of  liquid  is  small,  its  concentration  in  the  gas  decreases,  its  agitating  effect  on  the  system 
deteriorates,  and  the  area  of  phase  contact  diminishes.  If  the  absorber  contains  too  much  liquid,  the  free  space 
diminishes,  the  linear  velocity  of  the  gas  becomes  excessive,  so  that  the  gas  breaks  through  the  apparatus  in 
large  streams,  the  foam  regime  breaks  down,  and  more  liquid  is  carried  out  of  the  apparatus. 

For  determination  of  the  optimum  quantity  of  liquid  necessary  for  the  most  favorable  hydrodynamic  re¬ 
gime  in  the  apparatus,  a  series  of  experiments  was  performed  under  the  following  constant  conditions:  w  =  400 
mVm^'hour,  Vg  =  23  m/second,  CaO  =  50-60  g/Uter,  nitrate  and  nitrite  10-20  g/liter.  The  NO  +  NO2  content 
in  the  gas  varied  in  the  range  l-1.327o. 

The  quantity  of  liquid  was  varied  from  50  to  200  liters.  Thus,  its  volume  was  from  6  to  24*70  of  the  ab¬ 
sorber  volume. 

A  measured  quantity  of  liquid  was  put  into  the  apparatus  and  the  absorber  was  brought  into  operation.  Af¬ 
ter  the  required  conditions  became  established, samples  of  gas  and  liquid  were  taken  for  analysis  at  the  entry  and 
exit  of  the  absorber.  The  gas  was  then  disconnected,  the  apparatus  was  stopped,  and  the  liquid  was  poured  off 
into  a  measuring  vessel  and  measured.* 

The  next  experiment  was  performed  under  the  same  conditions,  but  with  a  different  amount  of  liquid. 

The  results  so  obtained  ate  plotted  in  Figure  6.  It  is  seen  that,  under  equal  conditions,  the  degree  of  absorption 
increases  rapidly  with  initial  increase  of  the  amount  of  liquid  in  the  apparatus.  This  increase  proceeds  to  a 
maximum  when  the  absorber  is  19-21*70  full,  and  the  degree  of  absorption  then  begins  to  decrease. 

In  our  experiments  the  free  space  in  the  absorber  was  850  liters,  and  the  amount  of  liquid  which  gave  the 
best  technological  results  was  160-180  liters  (or  19-21*7o).  Similar  results  were  obtained  with  smaller  absorbers 
(55-70  liters). 

In  the  planning  of  larger  units  and  the  determination  of  the  amount  of  liquid  and  its  overflow  height  (at 
the  exit  from  the  absorber),  the  optimum  degree  of  filling  of  the  apparatus  must  be  chosen  on  the  basis  of  the 
above  data.  The  horizontal  velocity  of  the  liquid  does  not  have  any  significant  influence  on  the  hydrodynamic 
conditions  in  the  apparatus,  as  the  velocity  of  the  liquid  transported  by  the  discs  at  right  angles  to  the  gas  stream 
is  thousands  of  times  its  horizontal  velocity. 

The  direction  of  motion  of  the  liquid  relative  to  the  gas  stream  likewise  has  no  appreciable  influence  on 
the  rate  of  the  process,  as  the  process  under  consideration  is  irreversible. 

It  was  also  found  that  the  number  of  discs  fixed  on  the  absorber  shaft  should  be  calculated  by  means  of  the 

•A  constant  volume  of  liquid  in  the  absorber  was  maintained  by  natural  circulation  between  the  absorber  and 
the  separator  through  a  connecting  tube. 
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equation  [5]: 


(15) 


/  100  Y 
Vioo  —  x)  —  C2  * 

where  n  is  the  number  of  discs  on  the  absorber  shaft,  and  C|  and  are  the  concentrations  of  nitrogen  oxides  at 
entry  and  exit. 

The  highest  degree  of  absorption  with  the  least  expenditure  of  energy  was  obtained  in  a  unit  with  four 
discs  with  14-16  vanes  on  the  shaft,  with  the  vanes  at  15-17*,  and  with  the  discs  placed  on  the  shaft  at  distances 
equivalent  to  0.6 -0.7  disc  diameter. 


SUMMARY 

1.  It  was  found  that  the  absorption  rate  increases  rapidly  with  increase  of  the  peripheral  disc  speed  up  to 
an  optimum  value.  The  absorption  rate  decreases  if  Ais  optimum  speed  is  exceeded.  The  perif^eral  disc  speed 
is  the  principal  factor  determining  the  hydrodynamic  conditions  in  the  apparatus  and  the  rate  of  convective  dif¬ 
fusion. 

2.  The  space  velocity  of  the  gas  is  another  important  hydrodynamic  factor  which  determines  the  rate  of 
the  process.  The  absorption  rate  rises  rapidly  to  a  maximum  with  increase  of  the  space  velocity  to  the  optimum 
value.  The  absorption  rate  then  decreases  with  further  increase  of  the  space  velocity. 

3., The  optimum  amount  of  liquid  is  19-21%  of  the  absorber  volume.  The  velocity  and  direction  of  Ae 
horizontal  motion  of  die  liquid  have  no  apfxreciable  influence  on  the  absorption  rate  if  the  process  is  irreversible. 

4.  It  is  confirmed  that  the  best  arrangement  consists  of  four  discs  on  the  absorber  shaft,  with  the  distance 
between  the  discs  equal  to  0.6 -0.7  of  the  disc  diameter. 
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EFFECT  OF  ELECTROLYTE  TEMPERATURE  ON  THE  THICKNESS  OF  OXIDE  FILMS 


AND  THE  ANODIZING  TIME  OF  ALUMINUM  AND  ITS  ALLOYS 


I.M.  Plotnikov 


In  anodizing  treatment  of  aluminum  and  its  alloys  it  is  usual  to  conform  to  the  technical  conditions  and 
instructions  which  prescribe  the  anodizing  regime,  including  the  electrolyte  temperature,  which  is  one  of  the 
most  important  factors  in  the  production  of  high-quality  protective  films. 

However,  it  frequently  happens  under  production  conditions  that  the  electrolyte  temperature  cannot  be 
maintained  within  the  limits  prescribed  by  the  technical  conditions,  owing  to  the  lack  of  suitable  cooling  de¬ 
vices.  Anodizing  at  elevated  temperatures,  of  the  order  of  23-30*,  without  due  allowance  for  the  changed  con¬ 
ditions,  may  result  in  the  formation  of  "floury"  oxide  films  of  low  resistance  to  corrosion. 

According  to  published  data  [1-5],  it  is  difficult  to  modify  the  anodizing  conditions  with  changes  of  the 
electrolyte  temperature  in  such  a  way  as  to  ensure  the  formation  of  oxide  films  of  the  desired  thickness  and  qual¬ 
ity.  The  installation  of  special  devices  for  cooling  the  electrolyte  to  the  temperatures  specified  in  the  technical 
conditions  involves  additional  costs. 

The  purpose  of  the  present  investigation  was  therefore  to  find  relationships  between  the  course  of  the  ano¬ 
dizing  process  and  the  electrolyte  temperature,  which  could  be  used  for  modifying  the  anodizing  regime  in  order 
to  obtain  protective  films  of  the  required  quality  in  the  15-30*  range. 


EXPERIMENTAL 

Method  of  investigation.  Specimens  120  x  50  x  1  mm  were  made  from  technical  aluminum  99.5<7o  pure. 
They  were  prepared  for  anodizing  according  to  the  usual  technological  procedure.  The  anodizing  was  effected 
in  a  rubberized  semi  works -type  tank  400  x  400  x  500  mm  in  size.  The  electrolyte  was  a  solution  of  192  g  sul¬ 
furic  acid  per  liter.  The  power  supply  was  a  direct -current  generator  which  gave  a  maximum  current  strength 


Fig.  1.  Variations  of  weight  increase  with 
anodizing  time  at  25*:  A)  weight  increase 
(in  mg/dm*);  B)  anodizing  time  (minutes); 
Cunent  density  (in  amps/dm^):  1)  1;  2)  2; 
3)  3. 


Fig.  2.  Variations  of  film  thickness  with 
cunent  density  and  anodizing  time  at  25*: 
A)  film  thickness  (in  /i);  B)  anodizing  time 
(minutes).  Current  density  (in  amps/dm*): 
1)  1;  2)  2;  3)  3. 


of  18  amps  at  20  v.  The  area  of  the  anodized  surface  on  the  two  sides  was  1  dm^  The  experiments  were  per 
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formed  between  15  and  30*  in  the  current  density  range  from  1  to  3  amps/dm*,  with  different  anodizing  times. 

The  cooling  was  effected  by  water  circulating  through  two  coils.  The  film  thickness  was  determined  gravimet- 
rically,  the  films  being  dissolved  off  in  a  mixture  of  phorphoric  and  chromic  acid  solutions.  The  film  thickness 
was  calculated  from  the  change  in  weight.  The  results  were  checked  at  intervals  by  the  metallogrcphic  method. 

Variation  of  the  quality  of  the  oxide  films  with  the  anodizing  time  and  current  density.  The  observations 
of  Tiukina  and  Tomashov  [2]  of  the  variations  in  the  weight  increase  of  the  specimens  and  the  quality  of  the 
films  in  the  course  of  anodizing  were  used  for  the  determination  of  the  influence  of  anodizing  time  on  the  qual¬ 
ity  of  the  oxide  films. 

Experiments  were  performed  in  order  to  determine  these  variations  at  current  densities  1-3  amps/dm*,  with 
simultaneous  determinations  of  the  film  thickness.  The  electrolyte  temperature  was  25*. 

The  curves  plotted  from  the  results  of  these  ex¬ 
periments  are  given  in  Figure  1;  the  ascending  branches 
of  the  curves  correspond  to  the  films  of  the  best  qual¬ 
ity.  As  the  weight  increases  become  less,  when  the 
rates  of  film  formation  and  dissolution  tend  to  become 
equal,  the  film  quality  deteriorates;  the  films  become 
looser  and  become  dull  rather  than  glassy  and  snowy - 
mat,  but  do  not  yet  become  floury.  They  become 
floury,  smeary,  and  can  be  rubbed  off  only  when  the 
weight  increment  becomes  negative. 

The  horizontal  regions  of  the  curves  diminish 
with  increasing  current  density.  Therefore,  the  film 
quality  begins  to  deteriorate  much  sooner.  However, 
the  maximum  weight  increases  are  reached  in  about 
the  same  time  (Figure  1).  The  slight  shortening  of 
this  time  with  increase  of  the  current  density  is  prob¬ 
ably  the  consequence  of  greater  heating  of  the  anode 
and  the  resultant  acceleration  of  film  hydration. 

The  variations  of  the  film  quality  in  the  anodiz¬ 
ing  process  also  influence  the  increase  of  film  thick¬ 
ness;  this  almost  reaches  its  maximum  values  at  the 
points  of  the  maximum  weight  increases  (Figure  2). 

As  has  been  reported  in  the  literature  [1],  some  fur¬ 
ther  thickening  observed  above  these  values  is  caused 
by  further  hydration  of  the  films. 


Fig.  3.  Variations  of  weight  increase  with  electro¬ 
lyte  temperature  and  anodizing  time:  A)  weight 
increase  (in  mg/dm*);  B)  anodizing  time  (minutes), 
Electrolyte  temperature  (“C):  1)  5-15;  2)  6-20; 
3)7-25;  4)8-30.  Current  density  (in  amps/dm*): 

I)  1;  II)  2. 


A 


Fig.  4.  Effect  of  electrolyte 
temperature  on  the  anodizing 
time;  A)  time  required  to 
reach  the  maximum  weight 
increase  (minutes);  B)  elec¬ 
trolyte  temperature  (‘C).  Cur¬ 
rent  density  (amps/dm*):  1) 

1;  2)  2. 


Variation  of  the  anodizing  time  with  the  electrolyte  temperature.  To 
elucidate  the  effects  of  electrolyte  temperature  on  the  anodizing  time  and 
film  quality,  the  weight  increments  were  plotted  against  the  anodizing  time 
at  different  temperatures.  These  curves  are  given  in  Figure  3;  it  is  seen  that 
the  time  required  to  reach  the  maximum  weight  increase  decreases  sharply 
with  increase  of  temperature.  Each  electrolyte  temperature  corresponds  to  a 
quite  definite  position  and  value  of  the  maximum.  As  the  time  required  to 
teach  these  maximum  weight  increases  is  also  the  most  favorable  for  the 
formation  of  films  of  high  resistance  to  corrosion,  the  time  required  to  reach 
the  maximum  wei^t  increase  can  suitably  be  taken  as  the  maximum  anodiz¬ 
ing  time  at  the  given  temperature.  Plots  of  these  anodizing  times  against  the 
temperature  at  different  constant  current  densities  (Figure  4)  can  be  used  for 
determination  of  the  maximum  anodizing  times,  in  the  15-30"  range,  during 
which  the  films  still  have  high  resistance  to  corrosion. 

Since  the  weight-increase  maxima  are  shifted  in  the  direction  of  shorter 
anodizing  times  with  increase  of  current  density,  the  curve  obtained  at  the 
hi^er  current  density  (Figure  4)  does  not  coincide  with  the  curve  for  the  lower 
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current  density;  the  difference  diminishes  with  increase  of  the  electrolyte  temperature. 

In  industrial  practice  this  small  difference  between  the  positions  of  the  curves  at  cunent  densities  between 
1  and  3  amps/dm*  can  be  neglected.  Therefore,  it  is  enough  to  plot  only  one  curve,  say  at  1  amp/dm*,  for  de¬ 
termination  of  the  anodizing  time. 

Effect  of  electrolyte  temperature  on  the  thickness  of  the  oxide  film.  If  the  anodizing  regime  is  altered,  it 
is  important  also  to  obtain  films  which  would  conform  to  technical  specifications  in  thickness  and  corrosion  re¬ 
sistance.  Therefore,  the  determinations  of  the  weight  increase  at  various  temperatures  and  current  densities  were 
accompanied  by  measurements  of  the  film  thickness.  The  results  are  plotted  in  Figure  5;  it  is  seen  that  for  ano¬ 
dizing  times  of  10-15  minutes  the  films  obtained  at  different 
electrolyte  temperatures  differ  very  little  in  thickness.  The 
differences  increase  rapidly  with  anodizing  time,  owing  to  dif¬ 
ferences  in  the  growth  and  dissolution  rates  of  the  films.  As  a 
result,  the  films  obtained  in  a  given  anodizing  time  at  different 
temperatures  differ  in  quality. 

To  obtain  thicker  films  of  high  corrosion  resistance  it  is 
necessary  to  decrease  the  anodizing  time  and  to  increase  the 
current  density,  so  that  the  quantity  of  electricity  passed  is  the 
same. 

However,  the  use  of  these  graphs  for  modification  of  the 
anodizing  regime  is  difficult  for  the  reasons  given  above.  As 
has  already  been  stated,  films  of  high  resistance  to  corrosion 
are  formed  during  the  time  when  the  weight  increments  are 
positive,  and  the  maximum  anodizing  time  is  determined  by 
the  time  required  to  reach  the  maximum  weight  increases.  It 
was  also  pointed  out  that  by  this  time  the  film  nearly  reaches 
its  maximum  thickness. 

If  we  plot  the  film  thicknesses  corresponding  to  the  max¬ 
imum  weight  increases  against  the  temperature  at  different 
current  densities  (Figure  6),  we  obtain  curves  which  can  be  used 
to  determine  the  maximum  film  thicknesses  possible  under  the 
given  conditions.  Each  point  on  the  curves  corresponds  to  a 
film  of  hi^  corrosion  resistance. 

Analogous  curves  are  obtained  for  the  absolute  values  of 
the  maximum  weight  increases  at  various  electrolyte  temper¬ 
atures  and  different  current  densities  (Figure  7). 

It  should  be  pointed  out  that  these  relationships  between  electrolyte  temperature,  anodizing  time,  and 
thickness  of  oxide  films  on  aluminum  are  also  applicable  to  determination  of  the  anodizing  conditions  for  alum¬ 
inum  alloys. 

For  example,  the  curves  obtained  for  Avialite  are  similar  to  those  given  above,  the  only  difference  being 
that  the  film  thickness  is  V2  to  Vs  that  on  aluminum  under  equal  conditions. 

It  has  also  been  reported  in  the  literature  [1]  that  the  films  on  aluminum  and  on  AK-4  alloy  differ  in 
thickness.  This  difference,  which  probably  varies  for  different  alloys,  must  be  taken  into  account  when  aluminum 
alloys  are  anodized. 

The  laboratory  results  were  tested  under  production  conditions  in  the  electrochemical  section  of  the  "Ural- 
khimmash"  works,  when  the  temperature  of  the  electrolyte  reached  25-28”,  and  the  required  cooling  could  not 
be  effected  by  the  available  system.  Oxide  films  of  high  resistance  to  corrosion  were  required.  Anodizing  under 
these  conditions  resulted  in  floury  films  of  low  resistance  to  corrosion. 

By  altering  the  anodizing  regime  in  accordance  with  the  above  data,  it  proved  possible  to  eliminate  spoil¬ 
age  and  to  fulfill  the  order  in  time  without  installation  of  a  special  cooling  system.  The  standstill  time  was  kept 
to  a  minimum. 


A 


Fig.  5.  Effects  of  electrolyte  temperature 
and  current  density  on  the  thickness  of 
oxide  films:  A)  thickness  of  oxide  film 
(in  11);  B)  anodizing  time  (minutes).  Elec¬ 
trolyte  temperature  (“C);  1)  5-15;  2) 
6-20;  3)  7-25;  4)  8-30.  Current  den¬ 
sity  (amps /dm*):  I)  1;  II)  2. 
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Fig.  6.  Effect  of  electrolyte  temperature 
on  the  thickness  of  oxide  films:  A)  film 
thickness  at  points  of  maximum  weight  in¬ 
crease  (in  ii);  B)  electrolyte  temperature 
(*C).  Current  density  (in  amps/dm*):  1)  1; 
2)  2. 


A 


Fig.  7.  Effect  of  electrolyte  temperature 
on  the  value  of  the  maximum  weight  in¬ 
crease:  A)  maximum  weight  increase  (in 
mg/dm*);  B)  electrolyte  temperature  ("C). 
Cunent  density  (in  amps/dm‘):  1)  1;  2)  2. 


The  laboratory  results  have  been  used  for  the  past  two  years  for  adjusting  the  anodizing  regime  in  the 
works  with  variations  of  the  electrolyte  temperature. 

SUMMARY 

1.  The  variation  of  the  thickness  of  the  oxide  film  with  the  anodizing  time  at  cunent  densities  from  1  to 
3  amps/dm^  has  been  studied. 

2.  Curves  were  plotted,  showing  the  variations  of  the  weight  increase  and  therefore  of  the  film  quality 
with  the  anodizing  time  at  electrolyte  temperatures  from  15  to  30*  and  current  densities  of  1  and  2  amps/dm^ 

3.  It  is  shown  that  the  ascending  branches  of  the  curves  correspond  to  films  of  the  best  quality.  It  is  there¬ 
fore  recommended  that  the  maximum  anodizing  time  should  be  taken  as  the  time  required  to  obtain  the  maxi¬ 
mum  weight  increase;  this  time  is  approximately  the  same  at  all  current  densities  from  1  to  3  amps/dm^ 

4.  A  graph  is  given  for  variations  of  the  maximum  anodizing  time  and  film  thickness  with  the  electrolyte 
temperature;  this  can  be  used  for  modifying  anodizing  conditions  in  the  15-30*  range  and  obtaining  films  of  the 
required  quality. 

5.  It  is  shown  that  in  order  to  obtain  films  of  the  same  thickness  but  of  higher  corrosion  resistance  it  is 
necessary  to  decrease  the  anodizing  time  and  to  increase  the  current  density,  the  quantity  of  electricity  passed 
remaining  the  same. 
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THE  INFLUENCE  OF  CERTAIN  ADDITION  AGENTS  ON  THE  PASSIVATION  OF 
A  ZINC  ANODE  AND  ON  THE  PERFORMANCE  OF  ALKALI-ZINC  CELLS 

V.  N.  Flerov 

The  A. A.  Zhdanov  Polytechnical  Institute  of  Gorki 

One  of  the  most  important  shortcomings  of  alkali-zinc  cells  (copper  oxide  and  air -depolarization  cells) 
is  that  they  require  a  large  quantity  of  liquid  electrolyte.  9-10.5  ml  of  the  electrolyte  is  required  for  every  am¬ 
pere-hour  of  nominal  cell  cunent.  A  decrease  in  the  quantity  of  electrolyte  required,  would  widen  the  field  of 
applicability  and  facilitate  the  use  of  these  otherwise  important  cells.  A  decrease  in  the  quantity  of  electrolyte 
can  only  be  achieved  by  increasing  the  relatively  low  coefficient  of  use  of  the  base.  Thus,  in  air-depolarization 
cells  of  the  type  VDS-250  the  coefficient  of  use  is  only  45 -5 O^o  (calculated  from  the  discharge  reaction  Og  +  2Zn+ 
+  4KOH  — >  2K2Zn02  +  2H2O).  Increasing  the  coefficient  of  use  of  the  base  is,  however,  hindered  by  the  possibil¬ 
ity  of  passivation  of  the  zinc  anode,  which  occurs  at  an  appreciable  concentration  of  the  zincate  in  the  electro¬ 
lyte,  and  which  leads  to  a  breakdown  of  the  cell. 

It  has  been  attempted,  without  success,  to  retard  the  passivation  of  a  zinc  anode  by  changing  the  electro¬ 
lyte  concentration  [1]  and  by  the  introducdan  of  addition  agents  into  the  zinc  electrode  [2-4]. 

A  number  of  workers  have  studied  the  cause  of  passivation  of  the  zinc  anode  in  alkali  solutions.  Fisher 
and  Budilov  [5],  Huber  [6]  note  that  Zn02  is  always  present  in  the  passive  layer.  Titov  and  Paleolog  [7]  consider 
the  reason  for  the  passivation  of  the  zinc  anode  to  be  the  exceeding  of  the  Zn(OH)2  solubility  product  in  the  space 
next  to  the  anode,  leading  to  its  precipitation  on  the  surface  of  the  electrode.  Inoue,  Sato  and  Isy  [8]  point  out 
that  the  passive  layer  consists  mainly  of  an  "active"  form  of  ZnO.  All  the  above-mentioned  investigations  were 
performed,  however,  either  in  pure  alkali  solutions  or  at  small  concentrations  of  the  zincate.  lofa  [1]  supposes 
that  the  mechanism  for  the  passivation  of  a  zinc  anode  in  an  operating  cell  must  be  different  from  the  one  in  a 
pure  alkali  solution.  He  points  out  that  under  these  conditions,  the  passivation  of  the  zinc  electrode  must  strongly 
depend  on  the  process  of  aging  of  the  hydroxyl  (or  oxide)  layers  formed  on  the  electrode  surface. 

Our  aim  was  to  investigate  the  relation  between  the  passivation  of  a  zinc  anode  in  "saturated"  zincate 
electrolytes  and  the  process  of  aging,by  studying  the  effect  of  factors  strongly  affecting  the  process  of  aging  (tem¬ 
perature  and  addition  agents  —  inhibitors  of  aging),  on  the  performance  of  the  zinc  electrode. 

In  investigating  the  anode  [vocess,  we  used  an  apparatus  having  separate  anode  and  cathode  compartments. 
The  rod-shaped  anodes  were  cast  of  Ts-O  zinc.  The  electrodes  were  kept  for  three  hours  at  100“  and  120“  in  or¬ 
der  to  allow  them  to  achieve  a  uniform  structure. 

The  electrolyte  used  in  the  experiments  was  prepared  by  dissolving  ZnO  in  boiling  concentrated  alkali, 
with  subsequent  dilution  of  the  solution.  The  addition  agents  were  introduced  directly  into  the  prepared  electro¬ 
lyte.  A  new  anode  and  fresh  solution  were  used  in  every  experiment.  The  polarization  was  determined  with  a 
potentiometer  of  the  type  PPTV-1,  relative  to  the  auxiliary  zinc  electrode.  The  experiments  were  performed  in 
an  atmosphere  of  air,  and  in  thermostats  where  the  temperature  was  regulated  to  ±  0.1“. 

The  effects  due  to  the  addition  agents  were  also  verified  in  cells.  Laboratory  copper  oxide  and  air-depolar¬ 
ization  cells  were  used.  The  copper  oxide  electrodes  were  prepared  from  a  mixture  of  CuO  and  metallic  copper 
using  a  sugar  solution  as  the  binder.  The  pressed  electrodes  were  dried,  heated  in  an  oxidizing  atmosphere  and 
subjected  to  surface  reduction.  The  cell  was  composed  of  one  positive  and  two  cast  zinc  electrodes.  Plates  cut 
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out  from  the  electrodes  of  industrial  cells  VDTs  were  used  as  the  electrodes  for  the  air -depolarization  cell. 

All  the  compounds  used  were  chemically  pure  and  analytical  grade. 

In  "supersaturated"  zincate  solutions  without  addition  agents,  there  is  observed  a  dependence  of  the  passi¬ 
vation  time  for  the  zinc  anode  on  temperature,  which  at  first  sight  seems  anomalous.  With  increase  in  tempera¬ 
ture  the  zinc  electrode  under  a  certain  load,  is  passivated  at  a  faster  rate,  and  only  for  high  current  densities  or 
at  low  temperatures  does  the  reverse  occur  (Rgure,  Table  1).  As  the  discharge  progresses,  the  polarization  of  the 
zinc  anode  increases,  first  slowly,  and  In  the  end,  at  complete  passivation,  it  increases  in  jumps;  the  higher  the 
jump,  the  higher  the  temperature. 

Of  great  interest  is  die  influence  of  addition  agents  which  are  inhibitors  of  aging  on  the  performance  of  a 
zinc  anode  in  "supersaturated"  zincate  electrolytes.  Such  addition  agents,  as  we  have  noted  before  [9],  are  sili¬ 
cates  and  lithium  compounds. 

In  the  presence  of  even  small  amounts  of  8103"  one  notes  the  considerable  inhibition  of  passivation  of  the 
zinc  electrode  (Figure,  Table  1). 


TABLE  1 

The  Effect  of  the  Presence  of  8103",  of  the  Current  Density  and  of  the  Temperature  on  the  Passivation  of  Zinc 
Anodes  (Electrolyte;  NaOH  199  g/liter;  Zn  90  g/liter) 


Time  of  passivation  for  different  current  densities  (in 

ma/cm*) 

40 

30 

20 

15 

without  addition 

0 

agent 

- 

1  min  17  sec 

5  min  40  sec 

381  min 

1.4 

without  addition 

1  min  10  sec 

5  min  50  sec 

455  min 

+  20 

agent 

10  min  5  sec 

22  min 

78  min 

161  min 

1.4 

without  addition 

10  min  15  sec 

22  min  40  sec 

106  min 

251  min 

+  40 

agent 

8  min  20  sec 

16  min  20  sec 

41  min  20  sec 

86  min 

1.4 

37  min  15  sec 

75  min 

No  passivation 

after  6  hours 

after  20  hours 

The  influence  of  the  addition  agent  is  particularly  evident  at  higher  temperatures.  At  lower  temperatures 
and  high  current  densities  the  influence  of  the  addition  agent  is  either  much  smaller  or  does  not  show  at  all. 
Electrolytes  with  addition  agents  exhibit  a  dependence  of  the  passivation  time  on  temperature  different  from  the 
one  exhibited  by  pure  zincate  solutions.  In  the  temperature  and  current  density. ranges  investigated,  there  was 
always  a  decrease  in  the  rate  of  passivation  of  the  zinc  anode  with  increase  in  temperature. 

Lithium  compounds  as  addition  agents  exert  a  similar  but  weaker  effect.  Thus,  in  a  solution  of  KOH  390 
g/liter,  Zn  103  g/liter,  the  addition  agent  10  g/liter  LiOH  *  HjO  increased  the  time  of  passivation  of  the  zinc 
anode  (at  Da  =  0.05  amp/cm*  and  at  40")  from  50  to  220  minutes.  At  20"  no  effect  was  observed  in  the  same 
solution.  In  sodium -zincate  solutions  the  addition  of  lithium  compounds  is  less  effective  than  in  calcium-zin- 
cate  solutions. 

The  factors  which  influence  considerably  the  aging  of  "saturated"  zincate  solutions  [9]  also  strongly  affect 
the  performance  of  alkali -zinc  cells. 

With  increase  in  temperature  one  notes  an  earlier  precipitation  in  the  cells;  at  higher  temperatures  the 
cells  break  down  sooner  as  a  result  of  the  observed  passivation  of  the  zinc  electrode.  In  the  presence  of  additions 
of  silicates  and  lithium  compounds  the  life  of  the  cells  until  occurrence  of  the  precipitate  as  well  as  until  com¬ 
plete  passivation  of  the  zinc  anode  is  lengthened  (Table  2). 

The  influence  of  temperature  and  of  addition  agents  on  the  performances  of  the  cells  is  particularly  evi¬ 
dent  for  long  regimes  of  work.  In  this  case  the  cells  with  an  addition  of  8103"  ®  capacitive  load  two  to 

three  times  greater. 
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In  cells  charged  with  KOH  of  density  1.40,  addition  agents  also  strongly  inhibited  the  precipitation  of  the 
deposit;  however,  they  did  not  affect  the  passivation  of  the  zinc  electrode.  In  electrolytes  of  lower  concentra¬ 
tion  (KOH  1.19)  the  effect  of  addition  agents  is  stronger  than  in  cells  with  KOH  1.40  and  KOH  1.30. 


The  temperature  dependence  of  the  zinc  anode  passivation  time:  A)  passivation 
time  in  min;  B)  electrolyte  temperature  in  "C.  Anode  current  density  (in  amp/dm*): 

1)  5.0;  II)  6.0;  III)  7.0.  Electrolyte  composition  in  g/liter:  1)  KOH  390,  Zn  103; 

2)  KOH  390,  Zn  103,  SiOj  3.5. 


In  the  presence  of  addition  agents  the  character  of  the  precipitate  also  changes.  If  in  control  cells  working 
at  positive  temperatures,  at  the  end  of  the  discharge,  there  precipitates  only  ZnO,  then  the  presence  of  an  opti¬ 
mum  quantity  of  an  addition  agent  in  the  electrolyte  causes  the  precipitation  of  rhombic  zinc  hydroxide  (in  KOH 
1.30  and  electrolytes  of  lower  concentrations).  Such  an  optimum  for  cells  with  KOH  1.30  g/liter  is  an  addition  of 
6-7  g/Uter  SiOj. 

TABLE  2 


The  Influence  of  Temperature  and  Addition  Agents  on  the  Perform¬ 
ance  of  Copper  Oxide  Cells*  (Da  =  4.0  ma/cm*;  electrolyte  KOH 
1.30  g/liter) 


Addition  agent 
(g/Uter) 

Tempera¬ 
ture  (“O 

Amount  of  electrolyte  used  up 
(in  m  1/am  p*  hour) 

before  pre¬ 
cipitation 
in  the  cell 

after  complete 
passivation  of 
the  zinc  elec¬ 
trode 

0 

6.1 

4.8 

none 

+  20 

9.0 

6.2 

+  40 

13.0 

8.8 

0 

5.4 

4.6 

lOUOH  •  HjO 

+  20 

5.8 

5.4 

+  40 

6.9 

6.2 

0 

5.1 

3.7 

1.75  SiOj 

+  20 

6.9 

3.9 

+  40 

7.9 

4.4 

+  20 

5.2 

3.5 

1  s>lw2 

+  40 

6.7 

4.2 

Analogous  results  are  observed  for  cells  containing  sodium  electrolytes.  Addition  of  Si03"  to  the  sodium 
electrolyte  increases  the  capacitive  load  of  the  cell  until  the  onset  of  precipitation,  by  25-30<7o.  The  increase 
in  capacitive  load  until  complete  discharge  and  hence  complete  passivation,  is  50-70%.  Lithium  compounds  in 

•The  data  in  Table  2  are  only  relative.  With  change  in  the  electrode  and  volume  current  densities,  the  numbers 
will  be  different  but  the  relative  order  will  be  the  same. 
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cells  with  sodium  electrolytes  are  less  effective  than  with  calcium  electrolytes. 

The  effects  of  temperature  and  of  addition  agents  on  the  performance  of  air -depolarization  celb  are  simi¬ 
lar  to  the  ones  described  above. 

When  silicates  and  lithium  compounds  are  introduced  together  into  the  electrolyte  the  effect  of  the  SiOj" 
predominates,  it  being  the  stronger  inhibitor  of  aging. 

DISCUSSION  OF  RESULTS 

As  can  be  seen,  the  factors  which  inhibit  the  aging  process  of  "supersaturated"  zincate  solutions  also  inhibit 
the  passivation  of  a  zinc  anode  in  such  solutions.  All  this  allows  one  to  conclude  that  the  main  cause  of  the  passi¬ 
vation  of  a  zinc  anode  in  "supersaturated"  zincate  solutions  at  relatively  low  current  densities  is,  as  has  been  sup¬ 
posed  by  lofa  [1],  the  process  of  aging  of  the  hydroxide  or  oxide  layer  formed  on  discharge  at  the  surface  of  the 
electrode. 

According  to  our  opinion,  the  mechanism  of  the  passivation  of  a  zinc  anode  in  "supersaturated"  zincate 
solutions  can  be  represented  in  the  following  manner. 

The  discharge  of  the  zinc  electrode  occurs  through  a  stage  of  formation  of  zinc  hydroxide  on  the  surface 
of  the  electrode: 

Zn  +  20H’  -  2e  ->  Zn(OH)2. 

At  low  current  densities  and  low  zinc  concentrations,  the  active  hydroxide  formed  goes  into  solution  under 
the  action  of  the  base  rather  rapidly.  With  increase  in  zinc  concentration,  this  process  is  inhibited,  and  a  very 
thin  layer  of  zinc  hydroxide,  still  permeable  to  ions  [6],  is  formed  gradually  on  the  surface  of  the  zinc  anode. 

The  thickness  of  this  anode  layer  will  grow  with  time  (or  with  increase  in  the  zincate  concentration)  due,  of 
course,  mainly  to  the  process  of  aging.  On  aging,  the  hydroxide  at  the  surface  of  the  electrode  changes  slowly 
into  less  hydrated  and  more  insoluble  hydrates.  As  aging  progresses  until  formation  of  ZnO  (the  most  dense  oxy¬ 
gen  compound  of  zinc)  the  layer  loses  rapidly  its  porosity,  leading  to  the  complete  passivation  of  the  electrode. 
Analyses  of  the  passive  layer  which  we  performed  support  its  oxide  nature. 

Increase  in  temperature  leads,  on  the  one  hand,  to  increased  diffusion  of  the  electrolyte;  on  the  other 
hand,  the  aging  process  is  accelerated.  At  relatively  low  cunent  densities  the  latter  factor  predominates  over 
the  former,  thus  leading  to  increased  passivation  of  the  anode  with  temperature  increase.  At  lower  temperatures 
and  higher  current  densities,  diffusion  is  predominant. 

The  addition  agents,  8103”  and  Li'*',  cannot  be  considered  as  depassivators  in  the  exact  meaning  of  the  term. 
We  have  not  found  any  effect  at  very  high  current  densities  and  at  low  temperatures.  Hence,  the  depassivating 
action  of  these  addition  agents  must  be  ascribed  to  their  inhibition  of  the  process  of  aging  of  the  anode  layer.  It 
seems  to  us  that  8103"  and  Ii+  ions  ate  chemadsorbed  into  the  micelles  of  the  hydroxide  of  the  anode  layer, 
which,  apparently,  is  colloidal  in  nature.  The  two  ions,  possessing  a  strongly  hydrated  sheath,  and  a  hi^  affinity 
for  water  [10],  on  their  penetration  into  the  micelles  of  the  hydroxide,  must  hinder  its  dehydration  and  its  trans¬ 
formation  into  ZnO.  This  inhibits  the  aging  of  the  anode  layer  and  hence  inhibits  the  passivation  of  the  zinc 
anode  working  in  a  "supersaturated"  zincate  solution. 

8UMMARY 

1.  At  low  current  densities,  increase  in  temperature  increases  the  rate  of  passivation  of  the  zinc  anode. 

2.  Addition  of  8103"  and  li'*'  cause  a  considerable  decrease  in  the  rate  of  passivation  of  the  zinc  anode. 
Their  effect  becomes  more  pronounced  at  higher  temperatures. 

3.  The  use  of  addition  agents  in  alkali-zinc  cells  inhibits  the  precipitation  of  zinc  compounds  from  solu¬ 
tion  and  the  passivation  of  the  zinc  anode  at  the  end  of  the  discharge  of  the  cells.  This  permits  an  increase  of 
25-100'^  in  the  capacitive  load  of  the  cells. 
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LIMIT  CATHODE  CURRENT  DENSITY  AND  CORROSION  RATE  OF 
COPPER  IN  NITRIC  ACID 


I.  V.  Oknin* 

Moscow  Institute  of  Chemical  Machine  Construction 


Copper  is  one  of  the  metals  which  undergo  corrosion  only  by  oxidizing  depolarization.  In  the  absence  of 
anodic  control  and  with  potentials  sufficiently  low  with  respect  to  the  oxidation  potential  of  the  reactive  medium, 
the  corrosion  rate  of  these  metals  must  be  equal  to  the  diffusion  rate  of  the  depolarizer  —  the  oxidizing  agent  — 
and  is  measured  by  the  value  of  the  cathode  current  density.  It  follows  then  that  the  comparison  of  the  corrosion 
rate  of  the  metal  and  the  limit  cathodic  current  density  (which  can  be  measured  on  platinum  or  on  any  other  in> 
active  metal)  may  offer  an  important  means  for  the  understanding  of  the  kinetics  and  the  mechanism  of  the 
corrosion  process.  The  equality  of  these  two  values  or  their  degree  of  divergence  provides  the  most  direct 
quantitative  indication  of  the  degree  to  which  the  corrosion  is  determined  by  the  diffusion  rate  of  the  oxidizing 
agent  to  the  metal  surface.  The  relative  values  of  the  two  factors  allow  one  to  determine  to  what  extent  the 
oxidizing  agent  is  regenerated  during  the  depolarization  process.  The  achievement  of  conditions  under  which 
the  corrosion  rate  is  close  to  the  limit  cathode  current  density  has  direct  practical  value  since  under  these  condi¬ 
tions  it  becomes  possible  to  determine  the  corrosion  rate  of  a  metal  without  measuring  it  directly. 

In  the  present  article  we  have  presented  the  comparison  between  the  limit  cathode  cunent  density  (mea¬ 
sured  with  a  smooth  platinum  electrode  [1])  and  the  corrosion  rate  of  copper  in  nitric  acid  at  25,  60,  and  90*C. 

A  great  number  of  substantial  reports  on  the  corrosion  of  copper  in  nitric  acid  have  been  published  during 
recent  years  [2-6],  but  there  exists  almost  no  information  on  the  corrosion  rate  of  copper  at  temperatures  below 
30°C.  Therefore,  and  also  to  provide  comparative  conditions  for  the  measurement  of  the  limit  cathode  current 
density  and  the  corrosion  rate  of  copper,  we  have  performed  experiments  to  measure  the  corrosion  rate  of  copper 
in  nitric  acid  at  different  temperatures. 

EXPERIMENTAL 

Method  of  Investigation.  The  determination  of  the  corrosion  rate  of  copper  was  made  on  three  types  of 
samples:  flat  samples  shaped  like  little  shovels  2  x  1.5  x  0.5  cm,  samples  shaped  as  hairpins  made  of  wire  0.2 
cm  in  diameter  and  16  cm  long,  and  samples  in  the  form  of  spirals  made  of  wire  0.05  cm  in  diameter  and  60 
cm  long.  The  diameter  of  the  last  samples  was  equal  to  the  diameter  of  the  platinum  wire  which  served  to 
determine  the  limit  cathode  current  density.  During  the  corrosion  of  the  little  shovels  their  potential  was  mea¬ 
sured  with  respect  to  a  saturated  calomel  electrode.  Figure  1  represents  the  apparatus  used  for  the  determination 
of  the  conosion  rate  and  of  the  potential  of  the  little  shovels;  Figure  2  represents  the  apparatus  used  for  the 
determination  of  the  corrosion  rate  of  the  wire  samples.  The  corrosion  rate  was  calculated  on  the  basis  of  the 
loss  of  weight  and  the  average  size  of  the  samples  duringthe  corrosion. 

Figures  3-6  represent  the  experimental  data  on  the  corrosion  rate  of  copper  and  their  comparison  with  the 
values  of  the  limit  cathode  current  density  [1]  as  the  function  of  the  concentration  of  nitric  acid. 

At  low  concentrations  of  nitric  acid  the  corrosion  rate  is  situated  in  the  region  of  low  corrosion  rates.  For 
a  given  value  of  the  concentration,  which  is  greater  the  lower  the  temperature,  a  sharp  increase  of  the  corro¬ 
sion  rate  occurs,  the  curve  turning  sharply  toward  the  region  of  high  corrosion  rates.  Within  this  region  the 

•  The  determinations  of  the  corrosion  rate  and  the  potential  of  copper  were  performed  in  collaboration  with 
N.  Ronskaya. 
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Fig.  1.  Apparatus  for  the  determination  of  the  conosion 
rate  and  the  potential  on  little  copper  shovels. 

1)  Little  copper  shovel;  2)  tube  for  the  fixing  of  the  sample 
(little  shovel);  3)  tube  through  which  carbon  dioxide  serv¬ 
ing  as  the  gas  stopper  is  introduced  at  a  minimum  rate;  4) 
thermometer;  5)  rubber  stopper  through  which  unprotected 
copper  wire  is  introduced;  6)  siphon  for  liquid  connection 
of  the  copper  electrode  with  the  saturated  calomel  elec¬ 
trode. 

conosion  rate  is  a  linear  function  of  the  concentration  at  25*C.  At  higher  concentrations  and  temperatures  —  for 
10.2-12.5  mol/l  at  90®C  and  for  12.5  mol/l  at  60*C  —  the  increase  of  the  corrosion  rate  of  the  thick  wire  (and 
particularly  that  of  the  little  shovels)  decreases,  approaching  a  limit  value.  Under  these  conditions  the  cathode 
cunent  density  also  approaches  a  limit  value,  which  can  be  explained  by  the  fact  that  the  cathodic  depolariza¬ 
tion  becomes  controlled  by  the  gases  deposited  at  the  electrode  [1]. 

At  25°C  the  conosion  rate  of  copper  is  close  to  the  limit  cathode  current  density  when  the  concentration 
is  equal  to  7.8  mol/l.  At  higher  concentrations  of  the  acid  the  corrosion  rate  is  considerably  lower  than  the 
limit  cathode  cunent  density,  the  difference  being  greater  the  higher  is  the  concentration  of  the  acid. 

At  60*C  and  90"C  (with  a  few  exceptions)  the  corrosion  rate  of  copper  is  close  to  the  limit  cathode  current 
density  regardless  of  the  concentration  of  the  acid.  The  limit  cathode  cunent  density  is  particularly  close  to  the 
corrosion  rate  and  practically  coincides  with  it  in  the  case  of  the  thin  wire  samples.  In  this  case  no  tendency 
toward  a  limit  value  is  observed;  the  corrosion  rate  varies  regularly  within  the  whole  region  of  the  investigated 
concentrations;  as  a  result,  the  corrosion  rate  at  90"C  is  considerably  higher  than  the  limit  cathode  current 
density  in  solutions  containing  10.2  and  12.5  mol  /l.  This  indicates  the  absence  of  any  slowing  down  of  the 
cathode  depolarization  by  oxidation  with  the  gases  deposited  on  the  metal  during  the  corrosion  of  the  thin  wire 
samples.  The  corrosion  rate  of  the  little  shovels  in  a  12.5  mol/l  solution  at  60*C,  and  in  10.2  and  12.5  mol/l 
solutions  at  90*C,  is  considerably  lower  than  the  limit  cathode  current  density. 


Fig.  2.  Apparatus  for  the  deter¬ 
mination  of  the  corrosion  rate  on 
copper  wires. 

1)  Copper  wire  —  the  thinner  one 
in  the  form  of  a  spiral,  the  thicker 
one  in  the  form  of  a  hairpin;  2) 
hook  for  the  suspension  of  the 
copper  wire;  3)  thermometer. 


Fig.  3.  Limit  cathode  current  density  mea¬ 
sured  on  platinum  electrode  and  the  corro¬ 
sion  rate  of  copper  in  nitric  acid  at  25*0. 

A)  Limit  cathode  current  density  and  the 
corrosion  rate  of  copper  (in  amp/ cm*); 

B)  concentration  of  HNOj  (in  mol/1);  1) 
limit  cathode  cunent  density;  2)  corrosion 
rate  of  little  copper  shovels;  3)  corrosion  of 
copper  wire  0.20  cm  in  diameter;  4)  corro¬ 
sion  of  copper  wire  0.05  cm  in  diameter. 


Figures  7  and  8  represent  the  correlation  between 
the  corrosion  rate  of  the  little  copper  shovels  and  their 
potential. 

The  figures  show  that  at  all  three  temperatures 
the  region  of  high  corrosion  rates  starts  at  similar  poten¬ 
tials  -  about  +  0.070  volt  with  respect  to  the  saturated 
calomel  electrode.  Within  this  region  the  corrosion  rate 
increases  very  regularly  with  the  concentration  of  the 
acid  when  the  temperature  is  25*C.  At  60*C  as  well  as 
at  25*0,  the  corrosion  rate  increases  with  the  potential 
mote  intensely  in  the  region  of  high  concentrations  than 
in  the  region  of  lower  concentrations  of  the  acid.  At 
90*C  the  increase  of  the  corrosion  rate  with  the  poten¬ 
tial  is  smaller  in  more  concentrated  solutions  than  in 
less  concentrated  solutions.  At  GO’C  as  well  as  at  90*0 
the  corrosion  rate  increases  from  0.1  to  12.5  and  14.3 
amp/ cm*  up  to  the  maximum  point  corresponding  to 
the  concentration  of  10.2  mol/1;  this  increase  of  corro¬ 
sion  rate  corresponds  to  the  same  range  of  potentials 
extending  from  0.027  to  0.029  volt.  At  25*C  the  corro¬ 
sion  rate  increases  from  0.1  tol.03  amp/cm*  ^the  latter 
value  corresponds  also  to  the  concentration  of  10.2  mol/1) 
within  an  interval  of  potentials  equal  to  0.040  volt. 

When  the  corrosion  rate  is  close  to  the  limit  cathode 
current  density  the  solution  potential  of  the  metal  varies 
within  the  limits  of  +0.070  to  +0.098  volt,  corresponding 
to  the  region  of  equilibrium  potential  of  copper  with  its 
actual  ion  concentration  in  the  solution. 

Complete  data  [7]  on  the  molecular-ionic  composi¬ 
tion  of  nitric  acid  solutions  at  25*’C  are  available;  the 
comparison  of  our  results  with  these  data  show  that  at  25”C 
the  solution  of  copper  starts  to  slow  down  at  such  concen¬ 
trations  of  the  acid  (7.8  mol/1)  at  which  the  ratio  of  the 
total  concentration  of  nondissociated  molecules  to  the 
concentration  of  free  molecules  of  water  and  to  the  con¬ 
centration  of  hydrogen  ions  is  correspondingly  equal  to 
0.16  and  0.683.  In  10.2  mol/1  solutions,  where  the 
corrosion  rate  is  a  little  less  than  half  of  the  limit  cathode 
cunent  density,  these  ratios  are  equal  to  0.53  and  1.43. 

In  the  5.5  mol/1  solution  where  the  corrosion  rate  is  equal 
to  the  limit  cathode  current  density  they  are  equal  respec¬ 
tively  to  0.04  and  0.28.  This  shows  that  at  25*C  the 
slowing  down  of  the  solution  rate  of  copper  starts  when  the 
concentration  of  free  molecules  of  water  in  the  solution 
becomes  comparable  to  the  concentration  of  nondisso¬ 
ciated  molecules  of  nitric  acid  and  the  ratio  of  their 
respective  concentrations  approaches  unity. 

There  are  no  sufficient  data  on  the  molecular-ionic 
composition  of  nitric  acid  solutions  at  60*C  and  90*C; 
therefore  it  is  impossible  to  make  a  direct  correlation 
between  the  corrosion  behavior  of  copper  and  the  molecu¬ 
lar-ionic  composition  of  nitric  acid  solution.  In  an  in¬ 
direct  way,  however,  it  is  possible  to  reach  the  conclusion 
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Fig.  4.  Limit  cathode  current  density 
measured  on  platinum  electrode  and 
the  corrosion  rate  of  copper  in  nitric 
acid  at  BO'C. 

A)  Limit  cathode  current  density  and 
the  corrosion  rate  (in  amp/ cm*);  B) 
concentration  of  HNOj  (in  mol/1);  1) 
limit  cathode  current  density;  2)  corro¬ 
sion  rate  of  little  copper  shovels;  3) 
corrosion  rate  of  copper  wire  0.20  cm 
in  diameter;  4)  corrosion  rate  of  copper 
wire  0.05  cm  in  diameter. 


Fig.  5.  Limit  cathode  current  density  mea¬ 
sured  on  a  platinum  electrode  and  corrosion 
rate  of  copper  in  nitric  acid  at  OO'C. 

A)  Limit  cathode  current  density  and  the 
corrosion  rate  of  copper  (in  amp/ cm*).  B) 
concentration  of  HNOj  (in  mol/1);  1)  limit 
cathode  current  density;  2)  corrosion  rate 
of  the  little  copper  shovels;  3)  corrosion  of 
copper  wire  0.20  cm  in  diameter;  4)  corro¬ 
sion  of  copper  wire  0.05  cm  in  diameter. 


that  the  fact  that  at  these  temperatures  the  solution  of 
copper  is  not  slowed  down,  as  it  is  at  25°C,  is  due  to  a 
greater  concentration  of  free  water  molecules  in  the 
solutions  at  these  temperatures.  The  degree  of  dissocia¬ 
tion  of  nitric  acid  decreases  with  temperature  and  thus 
the  ratio  of  the  concentration  of  nondissociated  molecules 
to  the  concentration  of  hydrogen  or  nitrate  ions  increases 
[1].  This  becomes  possible  because,  when  the  tempera¬ 
ture  increases,  the  exothermic  process  of  combination  of 
hydrogen  and  nitrate  ions  into  nondissociated  molecules 
of  nitric  acid  overshadows  the  endothermic  process  of 
its  dehydration.  Consequently  the  higher  the  tempera¬ 
ture  the  greater  the  concentration  of  free  water  molecules 
in  a  given  solution,  and  probably  the  higher  is  the  ratio 
of  their  concentration  to  the  concentration  of  nondisso¬ 
ciated  molecules  of  acid. 

DISCUSSION  OF  RESULTS 

The  experimental  results  show  that  with  the  ex¬ 
ception  of  the  10.2  and  12.5  mol/1  solution  at  25*’C  the 
corrosion  rate  of  copper  within  the  whole  region  of  tem¬ 
peratures  and  concentrations  of  the  acid  investigated  is 
close  to  the  limit  cathode  current  density.  When  these 
two  values  are  close,  the  important  increase  of  corrosion 
rate  with  the  concentration  of  the  acid  is  accompanied 
by  only  a  slight  increase  of  the  potential  of  the  metal; 
the  potential  of  the  metal  remains  within  the  limits  of 
the  values  of  its  equilibrium  potential  with  its  actual  ion 
concentration  in  the  solution,  which  contains  a  high  con¬ 
centration  of  free  water  molecules  and  hydrogen  ions. 

These  results  lead  to  the  conclusion  that  in  the  majority 
of  cases  investigated  the  corrosion  rate  of  copper  is  de¬ 
termined  by  the  diffusion  rate  of  the  oxidizing  depolarizer 
to  the  metal  surface,  and  that  as  the  metal  electrons  are 
removed  by  the  depolarizer,  the  solution  of  the  metal 
proceeds  as  the  direct  passage  of  its  ions  into  the  solution 
under  the  effect  of  negative  poles  of  the  free  water 
molecules,  without  intermediary  formation  of  surface 
copper  oxide. 

The  similarity  of  the  corrosion  rate  of  copper  and 
the  limit  cathode  current  density  indicates  that  during 
the  corrosion  processes  of  copper  and  the  cathodic  polariza¬ 
tion  of  platinum  (with  current  densities  lower  than  the 
limit  cathode  current  density)  the  cathode  depolarizer  and 
the  nature  of  its  reaction  with  the  electrons  of  the  metal 
are  the  same.  It  was  concluded  earlier  [1]  (on  the  basis 
of  experimental  results,  that  for  a  given  current  density 
the  oxidizing  cathode  depolarizer  of  the  platinum  elec¬ 
trode  in  nitric  acid  is  presented  by  the  nondissociated 
molecules  of  the  acid;  during  this  process  the  hydrated 
molecules  in  the  subelectronic  layer  of  the  solution  are 
dehydrated  to  the  state  of  minimum  hydration  or  to  water 
free  homeopolar  molecules  and  it  is  only  in  this  state  that 
they  react  with  the  electrons  of  the  cathode  a  significant 
rate. 
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Fig.  6.  Limit  cathode  current  density  mea¬ 
sured  on  a  platinum  electrode  and  the  corro¬ 
sion  rate  of  copper  in  nitric  acid  solutions  of 
low  concentrations  at  25,  60,  and  90*C. 

A)  Limit  cathode  current  density  and  corrosion 
rate  of  copper  (in  amp/cm*)j  B)  concentration 
of  HNP3  (in  mol/1);  1)  limit  cathode  current 
density;  2)  corrosion  rate  of  the  little  copper 
shovels;  3)  corrosion  rate  of  copper  wire  0.20 
cm  in  diameter;  4)  corrosion  rate  of  copper 
wire  0.05  cm  in  diameter. 
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Fig.  7.  Corrosion  rate  and  potential  of  the 
little  copper  shovels  in  nitric  acid  at  25'’C. 

A)  Corrosion  rate  of  copper  (in  amp/ cm*); 

B)  potential  of  copper  (in  volts). 
Concentration  of  the  solution  (in  mol/ 1)  1) 
12.6;  2)10.2;  3)7.7;  4)5.15;  5)2.55;  6) 
1.30;  7)  0.65. 


The  corrosion  of  copper  in  nitric  acid  in  relation 
to  the  dissociation  of  the  acid  within  the  temperature 
range  of  O'C  to  30*C  was  studied  by  Berg,  [3-5];  Berg 
concluded  that  copper  is  dissolved  only  as  the  result  of 
the  effect  of  nondissociated  molecules  of  the  acid. 
According  to  Berg  the  corrosion  of  copper  takes  place 
with  the  intermediary  formation  of  copper  oxide  which 
covers  the  entire  surface  of  the  metal,  and  the  corrosion 
rate  is  determined  by  the  adsorption  rate  of  nondissociated 
molecules  of  nitric  ricid.  If  one  considers  concentrations 
below  7.8  mol  / 1  at  25' C  then  it  is  improbable  that  the 
corrosion  rate  is  limited  by  some  process  of  interaction 
of  the  solution  with  the  metal  if  the  corrosion  is  limited 
by  the  diffusion  of  the  depolarizer  to  the  metal  surface. 

At  25'C  the  corrosion  rate  of  copper  represents 
40-50<7o  of  the  limit  cathode  current  density  in  10.2  mol/ 1 
solution  and  10-20°Jo  of  the  limit  cathode  current  density 
in  a  12.5  mol/ 1  solution.  For  the  same  increase  in  the 
potential  the  corrosion  rate  of  copper  at  25'C  is  many 
times  lower  than  at  60'C  and  at  90'C.  The  corrosion  rate 
of  the  little  copper  shovels  in  the  12.5  mol/ 1  solutions  at 
90'C  is  considerably  lower  than  the  limit  cathode  current 
density  and  the  potential  of  the  metal  sharply  increases 
when  the  concentration  of  the  solution  passes  from  10.2 
mol/ 1  to  12.5  mol/ 1.  Under  these  conditions  the  corro¬ 
sion  of  copper  can  be  iimited  also  by  the  anodic  process 
and  can  proceed  through  an  intermediate  formation  of 
a  metal  oxide  on  the  surface. 

The  solution  of  copper  through  the  intermediate 
formation  of  a  surface  oxide  is  possible  according  to  the 
following  mechanism.  Nondissociated  molecules  of 
nitric  acid,  in  particular  the  unhydrated  homeopolar 
molecules,  possess  high  positive  potential.  They  are 
capable  of  reacting  with  the  electrons  of  the  metal  at 
high  potential,  and  slow  down  the  passage  of  its  surface 
ions  into  the  solution,  repulsing  them  and  weakening  the 
action  of  the  negative  poles  of  the  water  molecules  on 
them.  The  slowing  down  of  the  passage  of  metal  ions 
into  the  solution  is  most  prominent  in  concentrated  solu¬ 
tions  where  the  concentration  of  free  water  molecules 
is  low.  In  such  solutions  oxygen  ions  formed  at  the 
metal's  surface,  as  the  result  of  reduction  of  nitric  acid 
molecules  to  nitrous  acid  molecules,  combine  at  the 
metal's  surface  with  the  metal  ions  which  have  not  yet 
passed  into  the  solutions.  The  combination  of  oxygen 
ion  with  the  metal  ions  instead  of  hydrogen  ions  is  favored 
by  the  relatively  low  concentration  of  hydrogen  ions  in 
more  concentrated  solutions.  During  the  formation  of  the 
surface  oxide  the  action  of  the  negative  poles  of  the 
water  molecules  on  the  copper  ions  entering  the  oxide, 
or  located  under  it,  becomes  very  weak.  The  reaction 
between  the  electrons  of  the  metal  and  nondissociated 
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Fig.  8.  Corrosion  rate  and  potential  of  the  little  copper  shovels 
in  nitric  acid  at  60“C  and  QO^C. 

A)  Corrosion  rate  of  copper  (in  amp/ cm*);  B)  potential  of  copper 
(in  volts).  Concentration  of  the  solution  (in  mol/1);  1)  12.6;  2) 

10.2;  3)7.7;  4)5.15;  5)2.55;  6)1.30;  7)0.65. 

molecules  of  the  acid  is  also  handicapped.  The  diffusion  rate  of  the  nondissociated  molecules  of  the  acid  be¬ 
comes  greater  than  the  solution  rate  of  the  metal  and  their  concentration  in  the  layer  of  the  solution  in  the  im¬ 
mediate  vicinity  of  the  electrode  increases,  approaching  the  concentration  within  the  body  of  the  solution.  As 
a  consequence  the  oxidation  potential  of  this  layer  around  the  electrode  increases  and  this  leads  to  a  sharp  in¬ 
crease  of  the  potential  of  the  metal.  Under  these  conditions  the  electric  field  of  the  layer  of  the  solution  around 
the  electrode,  acting  upon  the  oxygen  ions  of  surface  oxide  molecules,  stretches  them  and  pulls  them  into  the 
solution.  This  favors  the  passage  of  the  molecules  of  the  surface  oxide  into  the  solution  and  facilitates  the  reac¬ 
tion  between  the  medium  and  the  electrons  of  the  metal.  As  this  takes  place  the  surface  oxide  dissolves  and  is 
transformed  within  the  solution,  into  copper  nitrite  or  nitrate  and  water.  The  corrosion  of  copper  under  these 
conditions  is  the  result  of  an  alternate  formation  and  solution  of  the  surface  oxide.  The  possibility  of  the  forma¬ 
tion  of  a  continuous  layer  of  a  surface  copper  oxide  in  concentrated  solutions,  and  also  the  capacity  of  the  non¬ 
dissociated  molecules  of  nitric  acid  to  react  with  the  electrons  of  the  metal  completely  covered  with  a  surface 
oxide  and  to  detach  oxide  molecules  from  the  metallic  phase,  in  solutions  with  a  measurable  limit  cathode  cur¬ 
rent  density,  is  confirmed  by  the  fact  (shown  by  Hauss  [6])  that  copper  extracted  from  concentrated  solutions  of 
nitric  acid  (4  molar  or  higher)  is  passive  with  respect  to  solutions  whose  concentration  is  lower  than  3  mol/ 1;  but 
dissolves  normally  in  more  concentrated  solutions. 

It  must  be  noted  that  the  corrosion  rate  of  copper  may  be  lower  than  the  limit  cathode  current  density  not 
only  because  of  the  slowing  down  of  the  passage  of  metal  ions  into  the  solution  but  also  because  of  a  high  reduc¬ 
tion  overpotential  of  nitric  acid.  It  is  well  known  that  the  state  of  free  solution  of  a  metal  is  determined  by  the 
intersection  point  of  the  curve  potential  —  solution  rate  of  metal  with  the  curve  potential  —  reaction  rate  of  the 
medium  with  the  metal  ions.  It  is  evident  that  when  the  solution  of  the  metal  is  not  slowed  down,  i.  e.,  the 
first  curve  has  an  inclined  section,  the  second  curve  (in  the  case  of  high  overpotential  of  the  cathodic  reaction) 
must  lower  to  such  an  extent  that  the  intersection  of  the  two  curves  can  take  place  only  when  the  rate  of  the 
electrode  processes  is  lower  than  the  limit  cathode  current  density.  In  this  case  the  rate  of  free  solution  of  the 
metal  will  be  smaller  than  the  limit  cathode  current  density  and  the  cause  of  the  slowing  down  of  the  corrosion 
process  will  be  found  in  the  slowing  down  of  the  cathodic  reaction.  But  in  order  for  this  to  be  the  case  the  reduc¬ 
tion  potential  of  nitric  acid  on  a  given  metal  must  be  as  low  as  the  solution  potential  of  the  metal,  when  the 
rate  of  the  first  process  is  equal  to  the  rate  of  the  second  process  and  lower  than  the  limit  cathode  density.  The 
results  described  above  show  that  in  the  case  of  nitric  acid  the  slowing  down  of  the  corrosion  of  copper  in 
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concentrated  solutions  by  cathodic  reaction  is  rather  improbable.  Since  at  25*C  the  potential  of  a  smooth  plati¬ 
num  electrode  in  a  12.5  mol/  1  solution  varies  from  +  0.865  volt  (at  a  current  density  of  0.006  amp/ cm*)  to 
+  0.710  volt  (at  a  current  density  of  1.5  amp/ cm*,  equal  to  the  free  solution  rate  of  copper  in  this  solution)  and 
its  potential  in  a  10.2  mol/1  solution  varies  from  +  0,830  volt  (at  a  current  density  of  0.006  amp/ cm*)  to  +  0.620 
volt  (at  a  current  density  of  1.0  amp/ cm*,  equal  to  the  free  solution  rate  of  copper  in  this  solution),  it  is  im¬ 
probable  that  the  potential  of  a  copper  cathode,  under  the  same  variations  of  the  cathode  current  density,  will 
become  as  low  as  the  free  solution  potential  of  copper,  equal  to  +  0.123  volt  in  the  first  solution  and  +  0.112  volt 
in  the  second  solution. 

Solutions  in  which  the  limit  cathode  current  density  caimot  be  measured,  i.  e.,  is  close  to  zero,  can  be 
divided  in  terms  of  their  composition  into  solutions  containing  nondissociated  molecules  of  nitric  acid  (less 
dilute  )  and  solutions  not  containing  nondissociated  molecules  of  nitric  acid  (more  dilute  solutions). 

Hydrated  molecules  of  nitric  acid,  particularly  molecules  having  a  high  degree  of  hydration,  react  with 
the  electrons  of  the  metal  at  high  potentials  with  high  velocity  only  when  there  is  an  accumulation  of  the  products 
regenerating  the  electrons  on  the  surface  of  separation  of  phases.  When  the  solution  rate  of  copper  decreases  to 
values  lower  than  the  diffusion  rate  of  these  products  into  the  body  of  the  solution,  their  catalytic  action  on  the  re¬ 
action  between  the  molecules  of  the  acid  and  the  electrons  of  the  metals  ceases.  Cathodic  depolarization  cata- 
lized  by  the  molecules  of  nitric  acid  in  solutions  with  measurable  limit  cathode  current  density  becomes  a  non- 
catalized  depolarization,  in  solutions  where  the  limit  cathodic  current  density  is  equal  to  zero,  although  a  con¬ 
siderable  amount  of  molecules  of  nitric  acid  may  be  still  present.  As  a  result  the  corrosion  rate  of  copper 
sharply  decreases  when  one  passes  from  one  type  of  solution  to  the  other  (Fig.  6). 

According  to  Hauss  the  corrosion  of  copper  in  solutions  whose  concentration  corresponds  to  a  zero  current 
density  (in  1  or  2  mol/1  solutions  at  20*C)  is  facilitated  by  an  incomplete  covering  of  the  metal  with  the  oxide, 
manifested  by  the  occurrence  of  black  spots  on  the  metal  surface;  according  to  our  data  this  situation  takes 
place  in  1.30  and  2.55  mol/1  solutions  at  25"C  and  in  1.3  mol/1  solutions  at  60*C.  The  fact  that  the  corrosion 
of  copper  can  be  thus  facilitated  can  be  explained  in  the  following  way.  Under  the  conditions  of  low  corrosion 
rate  and  sufficiently  high  potential  of  the  metal  the  adsorption  of  nitrate  ions  and  nondissociated  molecules  of 
nitric  acid  by  the  surface  copper  ions  located  at  active  points  of  the  metal  surface  becomes  possible.  During  the 
reduction  of  oxygen,  belonging  to  the  nitrate  ions  or  of  the  molecules  of  nitric  acid,  by  the  adsorbed  atoms  (the 
latter  is  more  probable),  the  surface  copper  oxide  may  be  formed.  The  solution  of  the  metal  may  be  facilitated 
by  the  fact  that  under  the  effect  of  oxygen  ions  the  metal  electrons  surrounding  the  molecules  of  the  surface 
oxide  become  more  free  and  consequently  react  mote  easily  with  the  depolarizer. 

In  more  dilute  solutions  not  containing  nondissociated  acid  molecules  the  cathodic  depolarization  inducing 
the  solution  of  copper  may  be  accomplished  as  a  discharge  of  hydrogen  ions  with  subsequent  oxidation  of  hydrogen 
atoms,  adsorbed  at  the  metal  surface  by  the  nitrate  ions,  or  as  direct  reduction  of  nitrate  ions  by  the  metal  elec¬ 
trons  adsorbed  by  the  surface  metal  ions.  If  the  discharge  of  hydrogen  ions  is  possible  before  the  formation  of 
very  small  surface  concentrations  of  adsorbed  hydrogen  atoms,  and  if  the  positive  potential  of  nitrate  ions  is  very 
low,  the  rate  of  this  depolarization  process  and  the  corrosion  rate  of  copper,  which  is  equal  to  it,  can  be  only 
extremely  low. 

According  to  Berg  [4]  and  Hauss  [6]  the  corrosion  rate  of  copper  in  a  0.5  molar  solution  at  20"C  is  close  to 
zero.  According  to  our  data  the  average  corrosion  rate  of  copper  wires  and  little  copper  shovels  at  25“C  decreases 
6  times,  from  0.0011  to  0.00018  amp/cm*,  when  the  concentration  of  the  solution  is  changed  from  1.3  molar  to 
0.65  molar,  while  the  change  in  the  concentration  from  2.55  molar  to  1.30  molar  decreases  the  corrosion  rate 
only  by  a  factor  of  2. 


SUMMARY 

1.  The  intensity  of  the  corrosion  process  of  copper  is  divided  into  two  distinct  regions:  the  region  of  low 
corrosion  rates  and  the  region  of  high  corrosion  rates.  The  passage  from  one  region  to  the  other  takes  place  when 
the  limit  cathode  current  density  ceases  to  be  measurable. 

2.  Within  the  region  of  high  corrosion  rates  and  for  all  the  investigated  conditions,  with  the  exception  of 
solutions  whose  concentration  exceeds  7.8  mol/1,  the  corrosion  rate  of  copper  at  25‘’C  is  close  to  the  limit  cathode 
current  density.  Within  the  region  of  low  corrosion  rates  the  corrosion  rates  correspond  to  the  zero  values  of  the 
limit  cathode  current  density. 
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3.  Under  given  conditions  the  solution  of  copper  within  the  region  of  high  corrosion  rates  proceeds  as  an 
unhampered  passage  of  the  surface  metal  ions  into  the  solution  (under  the  effect  of  the  negative  poles  of  the 
free  water  molecules)  without  the  formation  of  an  intermediate  surface  copper  oxide.  The  necessary  values  of 
the  potential  of  the  metal  surface  are  achieved  by  the  reaction  between  the  nondissociated  molecules  of  nitric 
acid  and  the  metal  electrons.  The  hydrated  molecules  of  the  acid  take  part  in  this  process  after  being  previously 
dehydrated  in  the  layer  of  the  solution  close  to  the  electrode,  where  are  concentrated  all  the  reduction  products 
of  nitric  acid.  In  solutions  whose  concentration  is  higher  than  7.8  mol  Ai  at  25*C,  formation  of  a  surface  oxide  film, 
slowing  down  the  solution  of  the  metal,  is  probable.  Under  these  conditions  the  corrosion  of  copper  proceeds  as 
an  alternate  formation  and  solution  of  the  surface  oxide. 

4.  In  the  region  of  low  corrosion  rates  the  intensity  of  corrosion  is  subdivided  into  a  region  of  insignificant 
corrosion  rates,  close  to  zero,  and  the  region  of  low  corrosion  rates.  The  first  region  corresponds  to  solutions 
where  nondissociated  molecules  of  nitric  acid  are  absent.  The  extremely  low  solution  rate  of  copper  in  these 
solutions  results  from  the  discharge  of  hydrogen  ions  with  subsequent  oxidation  of  hydrogen  atoms  by  the  nitrate 
ions,  or  as  the  result  of  reduction  of  nitrate  ions  by  the  metal  electrons  adsorbed  by  the  surface  metal  ions.  The 
second  region  begins  with  the  appearance  of  a  considerable  amount  of  nondissociated  molecules  of  nitric  acid 

in  the  solution.  In  this  region  the  corrosion  of  copper  occurs  as  the  result  of  a  noncatalized  cathodic  depolariza¬ 
tion  by  the  nondissociated  molecules  of  nitric  acid. 

5.  The  results  of  our  investigations  show  that  it  is  possible  to  determine  the  corrosion  rate  of  metals  which 
do  not  become  passivated,  by  measuring,  for  a  given  oxidizing  medium  and  under  given  conditions,  the  limit 
cathode  current  density.  Our  results  show  also  that  the  comparison  of  the  corrosion  rate  of  a  metal  with  the  limit 
cathode  current  density  is  one  of  the  important  means  of  investigating  corrosion  processes. 
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AZEOTROPIC  MIXTURES  FORMED  BY  ALIPHATIC  ALCOHOLS, 
NORMAL  PARAFFINS  AND  WATER 


V.B.  Kogan,  V.M.  Fridman  and  I.V.  Deizenrot 
State  Institute  of  Applied  Chemistry 


One  method  for  the  production  of  aliphatic  alcohols,  which  are  being  used  in  increasing  amounts  in  the 
production  of  plastics,  detergents,  etc.,  is  catalytic  hydrogenation  of  the  butyl  esters  of  fatty  acids.  The  hydro¬ 
genation  process  yields  mixtures  containing  butyl  alcohol,  aliphatic  alcohols  with  the  same  numbers  of  carbon 
atoms  as  in  the  original  acids,  and  water  and  hydrocarbons  as  byproducts.  As  these  mixtures  are  separated  by 
rectification,  determinations  of  the  properties  of  the  azeotropic  mixtures  formed  by  alcohols,  water,  and  aliphatic 
hydrocarbons  are  of  practical  interest. 

The  purpose  of  the  present  work  was  an  investigation  of  the  properties  of  azeotropic  mixtures  formed  by  n- 
hexane,  n-heptane,  n-octane,  and  n-nonane  with  methyl  alcohol,  butyl  alcohol,  and  water. 

EXPERIMENTAL 

The  methyl  and  butyl  alcohols  required  for  the  work  were  obtained  by  repeated  distillation  of  the  techni¬ 
cal  alcohols  through  a  rectification  column  of  an  efficiency  equivalent  to  20  theoretical  plates.  Fractions  boil¬ 
ing  at  strictly  constant  temperatures,  corresponding  to  the  boiling  points  of  the  alcohols,  were  collected  for  the 
experiments.  Their  water  contents  did  not  exceed  a  few  hundredths  of  one  per  cent.  Redistilled  water  was  used. 
The  purity  of  the  substances  used  for  the  experiments  was  checked  by  their  physical  constants. 


TABLE  1 

Experimental  and  Literature  Values  of  the  Physical  Constants  of  Alcohols  and  Hydro¬ 
carbons 


Substance 

1  Boiling  point  (*C) 

Refractive  index  at  20“ 

literature  data 

literature  data 

n -Hexane 

68.7 

68.74 

1.3753 

1.3749 

n -Heptane 

98.4 

98.428 

1.3877 

1.38764 

n -Octane 

125.45 

125.665 

1.3976 

1.3976 

n -Nonane 

150.45 

150.798 

1.4035* 

1.4025 

Methyl  alcohol 

64.7 

64.7 

1.3290 

1.3288 

Butyl  alcohol 

117.4 

117.4 

1.3997 

1.3991 

•Refractive  index  at  25“. 


The  experimental  and  literature  [1,  2]  values  of  the  physical  constants  of  the  substances  (apart  from  water) 
are  given  in  Table  1;  it  is  seen  that  the  substances  were  in  an  adequate  state  of  purity. 

The  existence  and  composition  of  binary  azeotropes  were  determined  by  distillation  (at  760  mm)  of  mix¬ 
tures  of  each  alcohol  with  the  corresponding  hydrocarbons  through  a  laboratory  rectification  column  with  an  ef¬ 
ficiency  equivalent  to  40  theoretical  plates  (for  benzene -carbon  tetrachloride  mixture).  The  boiling  point  of  the 
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A 


Fig.  1.  Specific  gravity -composition  curves 
for  butanol-octane  (I)  and  butanol -nonane 
(II)  mixtures:  A)  specific  gravity:  B)  mole 
fraction  of  butanol  in  mixture. 


Fig.  2.  Vapor  pressures  of  butanol -heptane 
and  butanol -octane  mixtures:  I)  butanol; 
II)  heptane;  III)  octane;  IV)  %  butanol  + 
heptane;  V)  butanol  +  heptane; 

VI)  *4  butanol  +  %  octane;  VII)  %  butanol 
+  octane. 


azeotrope  was  determined  during  the  distillation  under  steady  conditions,  and  several  samples  were  taken  for 
analysis. 

In  addition,  in  the  case  of  the  binary  systems  butanol-n -heptane  and  butanol-n-octane,  the  possibility  of 
determining  the  composition  of  azeotropes  was  tested  by  a  method  [3]  involving  the  experimental  determination 
of  the  total  vapor  pressures  of  two  mixtures,  containing  %  and  mole  fractions  of  each  component. 

The  composition  of  each  azeotrope  was  determined  from  the  specific  gravity  and  also  by  analysis  for  al¬ 
cohol  content  by  a  method  based  on  reaction  of  the  alcohol  with  phthalic  anhydride  with  subsequent  titration  of 
the  excess  phthalic  acid  with  caustic  soda  solution  [4].  Tests  of  this  method  with  different  synthetic  mixtures  of 
alcohols,  hydrocarbons,  and  water  showed  that  the  error  does  not  exceed  0.5% 


TABLE  2 

Properties  of  Azeotropic  Mixtures  of  Butanol  and  Hydrocarbons 


Hydrocarbons 

Boiling  point 
CC) 

Butanol  content  (wt.  % 

by  chemical 

analysis 

by  specific 

gravity 

by  vapor 
pressure 

Hexane 

68.2 

3.2 

— 

- 

Heptane 

93.85 

17.6 

- 

18.4 

Octane 

108.45 

43.3 

43.4 

42.7 

Nonane 

115.9 

71.5 

The  specific  gravities  of  the  mixtures  of  butyl  alcohol  with  octane  and  nonane  were  determined  by  means 
of  a  pycnometer, the  neck  of  which  was  made  from  a  micropipet  with  0.01  ml  scale  divisions.  The  temperature 
during  the  weighings  was  regulated  to  an  accuracy  of  0.05*.  The  weighings  were  to  the  nearest  0.0002  g. 

The  specific  gravity -composition  plots  for  butanol-octane  and  butanol-nonane  mixtures  at  20®  are  given 
in  Figure  1. 

It  is  interesting  to  note  that  although  the  systems  butanol-octane  and  butanol-nonane  show  positive  devia¬ 
tions  from  ideal  behavior,  the  specific  gravities  of  the  mixtures  show  negative  deviations  from  additivity. 

The  vapor  pressures  of  mixtures  of  butanol  with  hydrocarbons,  required  for  determination  of  liquid -vapor 
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TABLE  3 


Properties  of  Azeotropic  Mixtures  of  Methanol  and  Hydrocarbons 


Hydrocarbons 

Methanol  content  (wt.  %) 

literature 

data 

experimental 

data 

literature 

data 

experimental 

data 

Hexane 

49.5 

49.5 

~27 

26.4 

Heptane 

59.1 

58.8 

51.5 

46.1 

Octane 

63.0 

62.75 

72.0 

67.5 

Nonane 

64.1 

83.4 

equilibria,  were  measured  by  means  of  an  ebullioscope  about  50  ml  in  volume,  in  which  the  thermometer  was 
sprayed  with  the  liquid  circulating  along  the  ’’air  lift"  inner  tube.  The  ebullioscope  was  connected  through  a 
reflux  condenser  to  a  mercury  manometer  and  buffer  vessels  about  15  liters  in  volume.  The  boiling  point  was 
measured  to  the  nearest  0.05”,  and  the  pressure  to  the  nearest  1  mm.  The  experimental  vapor  pressure  data  were 
smoothed  by  means  of  a  graphical  plot  of  the  pressure  (in  mm)  against  the  temperature  (in  *K),  interpolated 
values  from  the  plot  being  taken  for  the  calculations  (Figure  2). 


A 


Fig.  3.  Vapor  pressure  curves  for  buta¬ 
nol-heptane  and  butanol-octane  mix¬ 
tures;  A)  pressure  (mm  Hg);  B)  con¬ 
tent  of  low-boiling  component  (molar 
^o);  I)  butanol-octane,  108*;  II)  buta¬ 
nol-heptane,  94*. 


The  partial  and  total  vapor  pressure  curves  were  plotted  for 
the  system  butanol -octane  at  108*  and  for  the  system  butanol-hep¬ 
tane  at  94*.  The  presence  of  maxima  on  the  total  vapor  pressure 
curves  in  Figure  3  indicates  the  existence  of  positive  azeotropes, 
and  makes  it  possible  to  determine  their  compositions. 

The  experiments  performed  as  described  above  showed  that 
all  the  hydrocarbons  tested  form  azeotropic  mixtures  with  butanol. 
Despite  literature  reports  to  the  contrary  [5],  it  was  found  that  bu¬ 
tanol  forms  an  azeotropic  mixture  with  n-hexane. 

The  results  of  determinations,  carried  out  by  different  meth¬ 
ods,  of  the  compositions  of  azeotropic  mixtures  in  butanol -hydro¬ 
carbon  systems  are  given  in  Table  2. 

It  is  seen  that  the  results  obtained  by  different  methods  are 
in  satisfactory  agreement.  The  reason  for  the  deviation  of  the 
azeotropic  compositions  calculated  from  vapor  pressures  is  that  the 
curves  for  the  total  vapor  pressure  for  the  systems  butanol-octane 
and  butanol -heptane  are  very  flat  in  the  region  of  the  maximum 
points,  and  therefore  the  positions  of  the  latter  are  influenced  sig¬ 
nificantly  by  any  small  errors  in  the  determination  of  the  total 
vapor -pressure  curves  for  the  mixtures. 

In  the  light  of  these  considerations,  the  agreement  between 
the  azeotropic  compositions  determined  by  different  methods  must 
be  regarded  as  satisfactory. 


The  experimentally  determined  properties  of  azeotropic  mixtures  of  methanol  with  hydrocarbons  are  given 
in  Table  3,  with  literature  data  [6]  included  for  comparison. 


The  differences  between  the  literature  data  for  the  boiling  points  of  azeotropic  mixtures  of  methanol  with 
hydrocarbons  and  our  experimental  values  are  within  the  range  of  0.2-0.3*.  However,  as  follows  from  the  data 
in  Table  3,  the  differences  of  the  compositions  are  very  considerable,  which  suggests  that  the  literature  data  are 
in  error. 


The  results  of  a  check  of  the  properties  of  azeotropic  mixtures  of  butyl  and  methyl  alcohols  with  hydrocar¬ 
bons,  by  methods  described  in  the  literature  [7,  8]  are  given  in  Figures  4  and  5.  It  is  seen  that  the  experimental 
results  are  in  good  agreement  with  the  relationships  involved  in  these  methods. 
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The  presence  of  ternary  azeotropes  was  investigated  by  distillation  of  specially  prepared  mixtures  of  the 
pure  components  through  the  rectification  column  described  above. 

It  was  found  that  the  distillates  had  lower  boiling  points  than  the  pure  components  or  the  corresponding 
binary  azeotropes.  It  was  thereby  established  that  ternary  azeotropes  are  formed  in  all  the  three -component  sys¬ 
tems.  Their  composition  was  determined  as  follows.  A  sample  of  the  distillate,  taken  from  the  vapor  phase  dur¬ 
ing  the  distillation  (to  avoid  possible  errors  due  to  phase  separation),  was  condensed  and  collected  in  a  100  ml 
measuring  buret.  After  the  sample  had  separated  out,  the  volumes  of  the  upper  and  lower  layers  were  measured 
and  their  specific  gravities  determined  in  pycnometers  of  about  5  ml  in  volume.  Both  liquid  phases  were  anal¬ 
yzed  for  butanol  and  water.  The  butanol  content  was  determined  as  indicated  above  [4],  water  was  determined 
by  the  Fischer  method,  and  the  hydrocarbon  content  was  found  by  difference.  The  use  of  the  Fischer  method  for 
the  determination  of  water  in  the  lower  (aqueous)  layer  undoubtedly  involved  the  risk  of  a  relatively  larger  error 
than  the  error  in  the  analysis  of  the  upper  layer,  where  the  water  content  was  relatively  low.  However,  the  use 
of  the  Fischer  method  is  justified  by  the  fact  that  in  all  cases  the  volume  of  the  lower  layer  was  considerably 
less  than  that  of  the  upper  (hydrocarbon-alcohol)  layer. 


A 


Fig.  4.  Check  of  the  experimental  data  on 
the  properties  of  azeotropic  mixtures  of 
methanol,  butanol,  and  hydrocarbons,  by  a 
method  described  in  the  literature  [7]:  A) 
boiling  point  (*C);  B)  alcohol  content  of 
azeotrope  (molar  °lo)-,  I)  methanol-hydro¬ 
carbons;  II)  butanol-hydrocarbons. 
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Fig.  5.  Check  of  the  experimental  data  on 
the  properties  of  azeotropic  mixtures  of 
methanol,  butanol,  and  hydrocarbons,  by  a 
method  described  in  the  literature  [8];  A) 
boiling  point  ("C);  B)  alcohol  content  of 
azeotrope  (molar  <70);  I)  methanol-hydro¬ 
carbons;  II)  butanol-hydrocarbons. 


The  results  of  the  determinations,  and  the  compo 
sitions  of  the  ternary  azeotropes  calculated  from  these 
results,  are  given  in  Table  4. 


It  follows  from  the  data  in  Table  4  that  the  content  of  a  given  hydrocarbon  in  the  azeotropic  mixture  de  - 
creases,  and  the  contents  of  butanol  and  water  increase,  with  increasing  boiling  point  of  the  hydrocarbon. 

A  comparison  of  the  compositions  of  binary  butanol-hydrocarbon  and  butanol-water  azeotropes  and  the 
compositions  of  the  ternary  azeotropes  shows  that  the  latter  have  higher  relative  contents  of  hydrocarbons  and 
water  than  the  corresponding  binary  azeotropes;  this  is  in  agreement  with  an  earlier  result  [9]. 

The  authors  express  their  deep  gratitude  to  A. A.  Vvedenskii  and  A.O.  Levin  (Leningrad  Sci.  Res.  Inst.)  for 
supplying  the  hydrocarbons  used  in  the  work. 

SUMMARY 

1.  It  was  found  that  butyl  alcohol  forms  azeotropic  mixtures  with  normal  aliphatic  hydrocarbons:  hexane, 
heptane,  octane,  and  nonane.  The  report  [5]  stating  that  no  azeotropic  point  exists  in  the  system  hexane -butanol 
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Compositions  of  Ternary  Azeotropes  of  Butanol,  Water  and  Hydrocarbons 

Hydrocarbons  B.p.  of  Volumes  of  lay-  Densities  of  layers  d|**  _ Contents  (in  wt.  ‘^o) _ Composition  of  azeotrope 

azeo-  ers  (in  ml) _ butanol _ water _ hydrocarbon _ (in  molar  °lo) _ 
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is  shown  to  be  erroneous. 

2.  The  properties  of  azeotropic  mixtures  of  methanol  with  n- 
hexane,  n-heptane,  n-octane,  and  n-nonane  have  been  determined; 
literature  data  on  the  properties  of  azeotropic  mixtures  ot  methanol 
with  n-hexane,  n-heptane,  and  n-octane  are  shown  to  be  erroneous. 

3.  The  suitability  of  a  method  [3]  based  on  measurements  of 
the  total  vapor  pressures  of  pure  components  and  two  mixtures,  for  de¬ 
termination  of  the  properties  of  binary  azeotropic  mixtures,  have  been 
demonstrated  for  the  systems  butanol-octane  and  butanol-heptane. 

4.  Normal  hexane,  heptane,  octane,  and  nonane  were  found  to 
form  ternary  azeotropes  with  butanol  and  water;  the  boiling  points 
and  compositions  of  these  azeotropes  were  determined. 
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APPLICATIONS  OF  DILATOMETRY  ON  THE  STUDY  OF  FATS 


AND  FATLIKE  SUBSTANCES 

M.Kh.  Gluzman  and  B.I.  Dashevskaia 
The  Kharkov  Chemico -Pharmaceutical  Scientific  Research  Institute 


Fats  and  fatlike  substances  such  as  solid  paraffins,  waxes,  bitumens,  resins,  and  plastics,  which  resemble 
fats  in  some  of  their  properties,  may  be  characterized  more  fully  with  the  aid  of  data  obtained  by  dilatometric 
determinations. 

Such  data  may  be  used  for  solving  the  following  problems:  1)  determination  of  the  coefficients  of  expan¬ 
sion  in  any  temperature  range,  to  provide  a  basis  for  calculations  relating  to  the  design  of  equipment  for  the  pro¬ 
duction  of  hydrogenated  fats,  soap,  candles,  waxes,  solid  paraffins,  bitumens,  plastics,  etc.;  2)  more  accurate 
determination  of  the  melting  ranges  of  these  substances,  which  do  not  melt  sharply,  but  have  melting  ranges  often 
over  several  degrees  or  even  tens  of  degrees;  3)  determination  of  the  tendency  of  such  substances  to  contract  on 
cooling,  which  must  be  taken  into  consideration  in  casting  processes  used  for  materials  such  as  plastics,  confec¬ 
tionery,  suppositories,  wax  castings,  etc.;  4)  evaluation  of  the  tendency  to  separation  on  cooling  from  the  density 
differences  of  fatlike  substances  in  the  solid  and  liquid  states. 

EXPERIMENTAL 

Method  of  dilatometric  measurements  of  fat  mixtures.  The  coefficients  of  thermal  expansion  of  fats  were 
measured  with  the  aid  of  an  ordinary  glass  volume  dilatometer,  consisting  of  a  test  tube  12-15  ml  in  capacity, 
to  which  was  attached  a  2  ml  graduated  pipet  with  0.01  ml  scale  divisions. 

An  exactly  weighed  amount  of  water  (5-8  g)  was  put  into  the  test  tube;  this  was  then  filled  to  the  brim 
with  the  fat  heated  to  20-30“  above  its  melting  point,  and  covered  securely  with  a  ground -glass  stopper,  care  be¬ 
ing  taken  that  no  air  remained  in  the  dilatometer,  and  that  the  upper  water  meniscus  was  in  the  graduated  tube. 
The  filled  dilatometer  was  weighed  and  placed  in  a  refrigerator,  where  it  was  cooled  for  24  hours  at  0-4". 

Several  such  dilatometers  were  first  immersed  in  a  cryostat  for  thermal  expansion  determinations  below 
room  temperature,  and  then  transferred  to  a  thermostat.  The  cryostat  may  be  an  ordinary  Dewar  flask,  or,  for 
simultaneous  observations  on  several  dilatometers,  a  "cold  accumulator,"  consisting  of  a  10-liter  vessel  with 
double  walls,  fitted  with  connecting  tubes  for  circulation  of  cooling  brine.  It  was  found  that  expansion  with  in¬ 
crease  of  temperature  is  complete  within  two  to  five  minutes,  and  the  volume  remains  unchanged  while  the  sub¬ 
stance  is  kept  at  constant  temperature  for  an  hour.  The  dilatometer  was  therefore  kept  at  each  given  tempera¬ 
ture  for  15  minutes,  and  the  temperature  was  then  raised  by  2"  and  the  following  determination  performed  with¬ 
out  removal  of  the  dilatometer  from  the  cryostat  or  thermostat.  In  this  way  it  is  possible  to  perform  15-20  de¬ 
terminations  in  a  few  hours. 

The  observed  volume  change  AVj-  represents  the  aggregate  expansion  of  both  the  water  and  the  fat.  To  de¬ 
termine  the  expansion  of  the  fat,  the  expansion  Av^  of  the  water  at  the  given  temperature  must  be  subtracted. 
This  gives  the  expansion  Avj  of  the  fat. 

These  values  were  used  to  calculate  0,  the  coefficients  of  volume  expansion  of  the  mixtures,  from  the  for¬ 
mula  6=  (Vj  —  VQ)/voti,  where  vt  and  Vq  are  the  volumes  of  the  mixture  at  temperature  ^and  the  initial  temper¬ 
ature  tQ,  and  tj  is  the  difference  between  the  temperature  at  which  the  determination  is  performed  and  the  initial 
temperature. 
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In  addition  to  the  coefficients  of  volume  expansion  6,  relative  to  the  initial  volume,  the  volume  increase 
per  degree  can  also  be  calculated.  This  gives  the  variation  of  the  rate  of  increase  of  the  coefficient  of  expan¬ 
sion  as  a  function  of  the  temperature,  which  is  none  other  than  its  derived  function.  This  could  also  be  found 
by  graphical  differentiation,  but  the  dilatograms  obtained  for  the  systems  studied  have  little  curvature  over 
much  of  their  length,  and  it  is  difficult  and  sometimes  impossible  to  construct  tangents  to  them  at  individual 
points.  Therefore,  the  increments  were  determined  arithmetically  for  construction  of  the  differential  curves. 


Fig.  1.  Volume  changes  and  differential  dilatograms 
of  the  pure  components  as  functions  of  the  tempera¬ 
ture:  A)  volume  change  Av  (in  ml);  B)  temperature 
(“C);  1)  cacao  butter;  2)  paraffin  wax;  3)  hydrogen¬ 
ated  fat;  4)  lard. 


All  the  results  are  represented  in  graphical 
form  in  the  dilatograms  in  Figures  1-5. 

In  Figure  1  the  cpntinuous  lines  represent  the 
total  volume  changes  of  the  pure  components  -  ca¬ 
cao  butter,  and  paraffin  wax,  conforming  to  All- 
Union  Standard  Specifications,  and  the  dash  lines 
are  their  differential  dilatograms.  Analogous  dilato¬ 
grams  for  fat  mixtures  are  given  in  Figures  2-5.  The 
variations  of  the  volume  coefficients  of  expansion  of 
some  fat  mixtures  as  a  function  of  the  temperature 
are  given  separately  (Figures  6-8). 

Determination  of  the  coefficients  of  expansion 
of  fat  mixtures.  The  coefficients  of  expansion  of  fat 
mixtures,  and  their  variations  with  temperature,  are 
essential  data  for  the  design  of  equipment  for  the  fu¬ 
sion  and  molding  of  such  mixtures.  The  coefficients 
of  volume  expansion  of  ten  fat  mixtures,  shown  in 
graphical  form  in  Figures  6-8  were  determined  from 
the  results  of  dilatometric  measurements. 

In  addition,  the  expansion  of  100  parts  of  a  fat 
mixture  on  heating  from  any  initial  to  final  temper¬ 
ature  was  calculated: 


Av  100  mixture  = 


(vt~Vo)- 100 
weight  of  mixture 


From  this  it  is  easy  to  calculate  the  volume 
occuped  by  100  kg  of  the  mixture  at  any  given  tem¬ 
perature  (curves  in  Figures  2-5). 


The  coefficients  of  volume  expansion  found  for  the  fat  mixtures  studied  are  given  in  Table  1. 


These  results  show  that  the  coefficients  of  volume  expansion  of  fat  mixtures,  and  their  variations  with  tem¬ 
perature,  are  of  the  same  order  as  for  wax  and  paraffin  wax  [1]. 


Determination  of  the  melting  range  of  fat  mixtures.  Many  of  the  dilatograms,  especially  the  differential 
plots,  have  distinct  maxima,  which  are  none  other  than  phase  transitions  with  associated  volume  changes. 

From  a  comparison  of  the  data  on  melting  points  determined  by  the  dilatometric  method  and  by  the  melt¬ 
ing  point  apparatus  (Table  2),  it  is  seen  that,  in  all  cases,  the  maximum  on  the  dilatogram,  which  corresponds  to 
the  melting  temperature,  is  always  at  a  lower  temperature  than  the  comparable  reading  on  the  melting  point 
apparatus  [2]. 


Without  a  discussion  of  the  peculiarities  of  the  melting  of  fats,  we  may  point  out  that  the  dilatometric 
method  in  all  probability  reflects  more  accurately  than  any  other  method  the  temperature  range  in  which  the 
solid  fat  is  converted  into  a  liquid.  The  volume  change  observed  in  the  dilatogram  is  easier  to  detect  than  the 
effects  which  are  usually  observed  in  the  melting  process.  When  a  fat  is  heated  in  a  capillary  tube,  a  semiiiquid 
ring  appears,  the  drop  becomes  turbid,  the  liquid  begins  to  run  down,  and  finally  becomes  completely  transparent. 
The  observation  of  separate  stages  of  the  melting  process,  or  of  its  beginning  and  end,  apart  from  being  less  ac- 
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A 


Fig.  2.  Volume  changes  and  differential 
dilatograms  of  fat  mixtures  as  functions 
of  the  temperature:  A)  volume  change 
Av  (in  ml);  B)  temperature  (‘C).  Com¬ 
position  of  fat  mixtures  (in  1)  paraf¬ 
fin  wax  8,  lard  7,  hydrogenate  85;  2)  ca¬ 
cao  butter  30,  paraffin  wax  11.5,  hydro¬ 
genate  58.5;  3)  methyl  stearate  40,  lard 
60;  4)  methyl  stearate  90,  hydrogenate 
10. 


TABLE  1 


curate  than  the  easy  observation  of  a  sudden  volume  increase, 
has  the  disadvantage  that  it  does  not  reflect  the  actual  physical 
process  of  the  appearance  of  the  liquid  phase. 

Determination  of  the  tendency  of  fatlike  substances  to 
shrink  on  cooling.  Abrupt  volume  changes  on  cooling  are  often 
associated  with  considerable  increases  of  hardness,  density,  brit¬ 
tleness,  etc. 

In  many  cases  shrinkage  is  desirable,  as  it  confers  desirable 
properties  to  the  products,  but  often  it  has  to  be  prevented  be¬ 
cause  it  leads  to  deformation,  the  formation  of  channels  in  cyl¬ 
indrical  articles,  etc.  Clearly,  the  steeper  the  density -tempera¬ 
ture  curve  or,  which  is  the  same  thing,  the  steeper  the  expansion 
coefficient -temperature  curve,  the  greater  the  shrinkage  will  be. 
The  densities  of  the  substances  at  various  temperatures  can  be 
found  from  the  dilatograms.  These  data  can  provide  an  indica¬ 
tion  of  the  tendency  of  a  given  composition  to  shrink. 

For  example,  it  follows  from  the  data  in  Table  3  that  Mix¬ 
tures  4  and  5  have  a  lower  tendency  to  shrinkage  than  Mixtures 
1,  2  and  3. 

Study  of  the  tendency  of  fatlike  substances  to  separate  out. 
The  separation  of  alloys  is  well  known  in  metallurgy  [3],  where 
it  is  termed  liquation.  At  the  start  of  crystallization  of  a  metal¬ 
lic  alloy  crystals  are  formed,  the  density  of  which  may  differ 
considerably  from  the  density  of  the  liquid  phase  in  which  the 
crystallization  occurs.  Therefore,  the  crystals  either  float  to  the 
surface  or  sink  in  the  liquid.  In  consequence  of  this  displacement 
the  composition  of  the  alloy  will  vary  at  different  points.  The 
greater  the  density  difference  between  the  crystals  and  the  liquid 
from  which  they  are  formed,  the  slower  the  crystallization,  and 
the  slower  the  cooling,  the  more  distinct  will  the  liquation  pro¬ 
cess  be.  Therefore  to  prevent  liquation  the  alloy  must  be  cooled 
as  rapidly  as  possible,  or  the  alloys  must  be  such  that  the  densi¬ 
ties  of  the  primary  crystals  and  the  liquid  phase  are  similar,  and 
the  crystallization  ranges  are  as  narrow  as  possible. 


Coefficients  of  Volume  Expansion  of  Fat  Mixtures 


Composition  {% 

Coefficient  of  volume 
expansion  •  10® 

methyl  1 

at  temperatures  ("C) 

cacao  buttei 

stearate  | 

paraffin 

wax 

lard 

hydrogen¬ 
ated  mt 

12—16 

28-34 

100 

4.94 

33.1 

30 

— 

11.5 

— 

58.5 

27.1 

31.8 

— 

8 

7 

85 

15 

40 

_ 

60 

10 

40 

— 

13.7 

39.1 

_ 

40 

10 

60 

— 

15.7 

40.7 

_ 

50 

20 

30 

— 

21.3 

44.98 

_ 

40 

20 

40 

— 

— 

37.25 

_ 

30 

20 

50 

— 

1.5.1 

40 

_ 

40 

— 

60 

— 

12.21 

33.13 

90 

10 

5.63 

17.6 

(30—36°) 
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Fig.  3.  Volume  changes  and  differential  dilato* 
grams  of  fat  mixtures  as  functions  of  the  temper¬ 
ature*.  A)  volume  change  Av  (in  ml);  B)  tem¬ 
perature  ('C).  Composition  of  fat  mixtures  (in 
%);  1)  methyl  stearate  50,  lard  50;  2)  methyl 
stearate  45,  lard  55;  3)  paraffin  wax  24,  methyl 
stearate  76;  4)  methyl  stearate  40,  lard  50,  pa¬ 
raffin  wax  10. 


Fig.  4.  Volume  changes  and  differential 
dilatograms  of  fat  mixtures  as  functions 
of  the  temperature:  A)  volume  change 
Av  (in  ml);  B)  temperature  (*0).  Com¬ 
position  of  fat  mixtures  (in  <^):  1)  meth¬ 
yl  stearate  50,  lard  40,  paraffin  wax  10; 
2)  methyl  stearate  35,  lard  50,  paraffin 
wax  15;  3)  methyl  stearate  30,  lard  50, 
paraffin  wax  20;  4)  methyl  stearate  40, 
lard  40,  paraffin  wax  20. 


TABLE  2 

Comparative  Melting-Point  Data  Determined  Dilatometrically  and 
by  Determination  of  Melting  Points 


Composition  of  system 

Figure  No. 

Melting  point  (“C) 

from  dila- 

togram 

by  m.p. 
apparatus 

40  methyl  stearate  +  60 
lard 

2 

34 

40.3 

90  methyl  stearate  +  10 
hydrogenate 

2 

28 

37.4 

50  methyl  stearate  +  40 
lard  +  10  paraf¬ 

fin  wax 

4 

30 

37.2 

40  methyl  stearate  +  40 
lard  +  20  paraf¬ 

fin  wax 

4 

33 

38.2 
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TABLE  3 


Coefficients  of  Volume  Expansion  of  Various  Fatlike  Substances  in  the  Solid  and  Liquid 
States 


Mixture 

No. 

Composition  (®^) 

Coefficient  of  volume  ex¬ 
pansion-  10®  at 

cacao 

butter 

methyl 

stearate 

paraffin 

wax 

lard 

hydrogen¬ 

ate 

12® 

1 

100 

3.98 

28.6 

2 

— 

60 

10 

40 

— 

16.6 

39.1 

3 

— 

80 

20 

50 

— 

12.54 

43.31 

4 

— 

— 

8 

7 

85 

6.4 

23.7 

5 

— 

40 

_ 

60 

_ 

9.13 

27.54 

The  dilatometric  method  is  perhaps  the  only  method  whereby  it  is  possible  to  determine  the  specific  vol¬ 
umes  (and  therefore  their  reciprocals,  the  specific  gravities  of  solid  crystals  and  liquid  melts  over  any  desired 
temperature  range.  Determinations  of  the  densities  of  these  phases  are  very  difficult,  especially  in  the  tempera¬ 
ture  ranges  in  which  the  primary  crystals  appear. 


Fig.  5.  Volume  changes  and  differential 
dilatograms  of  fat  mixtures  as  functions  of 
the  temperature;  A)  volume  change  Av 
(in  ml);  B)  temperature  (“C).  Composition 
of  fat  mixture  (in  <70):  1)  methyl  stearate  50, 
paraffin  wax  20,  lard  3O;  2)  methyl 
stearate  45,  paraffin  wax  5,  lard  50. 


Fig.  6.  Variations  of  the  volume  coeffi¬ 
cients  of  thermal  expansion  of  fat  mixtures 
with  the  temperature:  A)  coefficient  of 
volume  expansion  6;  B)  temperature  (“C). 
Contents  of  methyl  stearate,  paraffin  wax, 
and  lard  respectively  in  the  mixtures 
(in  ‘7o);  1)  40,  20.  40;  2)  50,  20,  30;  3)  40, 
10,  50;  4)  50,  10,  40. 


The  dilatograms  were  used  to  calculate  the  specific 

gravities  of  the  mixtures  at  temperatures  of  complete  melting  and  at  temperatures  10"  below  these.  The  reason 
for  the  choice  of  the  latter  was  that  the  melting  range  of  a  mixture  is  usually  extended  over  several  degrees,  and 
therefore  a  point  10"  below  the  temperature  of  complete  melting  should  lie  in  the  solidus  region  which  approxi¬ 
mately  corresponds  to  the  start  of  crystallization. 

In  illustration,  the  specific -gravity  differences  for  a  number  of  mixtures,  and  for  cacao  butter  and  methyl 
stearate,  are  given  in  Table  4. 

It  follows  from  the  data  in  this  table  that  the  specific-gravity  differences  between  the  liquid  and  solid  phases 
of  the  melts  studied  are  of  the  same  order  as  those  for  cacao  butter  which,  as  many  years  of  medical  use  has 
shown,  has  no  tendency  to  liquation.  Therefore  there  is  no  risk  of  phase  separation  from  this  aspect  in  the  fat 
mixtures. 


1418 


TABLE  4 

Specific -Gravity  Differences  for  Various  Fat  Mixtures 


Composition 

(%) 

Melting  range 

Specific  gravity 
difference 

cacao 

butter 

methyl 

stearate 

paraffin 

wax 

lard 

hydro¬ 

genate 

(•c) 

liquid  phase 

solid  phase 

- 

40 

- 

60 

- 

26-30 

0.8340 

0.8500 

0.016 

— 

30 

20 

50 

- 

27-29 

0.8270 

0.8670 

0.040 

- 

90 

- 

- 

10 

28-30 

0.8682 

0.8748 

0.0066 

100 

- 

- 

- 

- 

28-34 

0.9374 

0.9550 

0.0176 

100 

— 

— 

— 

37.7 

0.8560 

0.8632 

0.0072 

Fig.  7.  Variations  of  the  volume  coeffi¬ 
cients  of  thermal  expansion  of  fat  mixtures 
with  the  temperature:  A)  coefficient  of 
volume  expansion  fl;  B)  temperature  (*C). 
Contents  (in  1)  methyl  stearate  30, 
lard  50,  paraffin  wax  20;  2)  lard  7,  paraf¬ 
fin  wax  8,  hydrogenate  85. 


Fig.  8.  Variations  of  the  volume  coeffi¬ 
cients  of  thermal  expansion  with  the  tem¬ 
perature:  A)  coefficient  of  volume  expan¬ 
sion  B;  B)  temperature  (”C).  Composition 
of  fat  mixtures  (in  %):  1)  methyl  stearate 
40,  lard  60;  2)  methyl  stearate  90,  hydro¬ 
genate  10;  3)  cacao  butter  30,  paraffin  wax 
11.5,  hydrogenate  58.5;  4)  cacao  butter  100. 


We  consider  that  the  viscosity  of  the  melt,  especial¬ 
ly  near  the  start  of  crystallization,  plays  some  part  in  the  liquation  of  fat  mixtures.  As  the  viscosity  increases, 
the  primary  crystals  will  meet  a  greater  resistance  to  dieir  motion  to  the  surface  or  bottom  of  the  melt.  There¬ 
fore,  the  knowledge  of  the  melt  viscosity  at  various  temperatures  is  necessary  for  evaluation  of  the  risk  of  liqua¬ 
tion  of  a  particular  mixture. 


SUMMARY 

It  is  shown  that  dilatometric  determinations  may  prove  useful  for  studying  the  behavior  of  fats  and  fatlike 
substances,  as  they  make  it  possible  to  find  the  coefficients  of  expansion  over  any  temperature  region,  to  find 
the  melting  ranges  accurately,  and  to  evaluate  the  tendency  of  such  substances  to  shrinkage  and  liquation.  A 
knowledge  of  these  properties  is  essential  for  estimation  of  a  number  of  parameters  in  all  industries  in  which  such 
substances  are  used. 
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AMMONOLYSIS  OF  N  -  SUB  STITUT  ED  DERIVATIVES  OF 


PA  RACHLOROBENZENESULFON  AMIDE* 

A.M.  Grigorovskii  and  N.N.  Dykhanov 
The  Sergo  Ordzhonikidze  All-Union  Chemico-Pharmaceutical  Scientific  Research  Institute 


It  was  shown  in  the  previous  communication  [1]  that,  in  the  reaction  of  p-chlorobenzenesulfonamide  with 
aqueous  ammonia  in  {presence  of  cuprous  compounds,  ammonolysis  is  accompanied  by  the  side  reaction  of  aryla- 
tion  of  the  sulfonamide  group  of  the  initially  formed  sulfanilamide,  with  formation  of  N^-sulfanilylsulfanilamide 
and  N^-(p-sulfonamidoi^enyl)-N^-sulfanilylsulfanilamide.  The  maximum  yield  of  sulfanilamide  (about  50“/oof 
the  theoretical)  is  obtained  if  44-45‘yo  aqueous  ammonia  is  used. 


In  our  continued  study  of  the  ammonolysis  reaction  in  the  synthesis  of  sulfanilamide  and  its  N -substituted 
derivatives  we  found  that  the  arylation  reaction  accompanying  ammonolysis  can  be  completely  eliminated.  This 
could  be  effected  by  replacement  of  1  hydrogen  atom  of  the  sulfonamide  group  in  p-chlorobenzenesulfonamide 
by  a  radical  containing  no  substituents  capable  of  arylation  under  conditions  of  ammonolysis.  When  a  number  of 
N -monosubstitute d  derivatives  of  p-chlorobenzenesulfonamide  were  heated  with  concentrated  aqueous  ammonia 
in  presence  of  cuprous  compounds  at  150-160”,  only  the  corresponding  sulfanilamide  derivatives  were  obtained  in 
good  yields,  according  to  the  equation: 


Cl 


NHg 


-f  2NH3 


Cu+,  150—160° 


Y 

SO2NH— X 


SOoNH 


+  NH4CI, 
X 


where  X  =  “C2H5,  “CeHs,  -C6H4N  and  -SOiC4H4Cl-p.  In  the  case  of  p-[N-(n*chlorobenzenesulfon)]-chloto- 
benzenesulfonamide  (with  the  radical  -  SO2C6H4CI-  )  both  chlorine  atoms  are  replaced  simultaneously  by  amino 
groups  with  formation  of  N*-sulfanilylsulfanilamide  (sulfanilamide). 

The  ammonolysis  of  other  N-monosubstituted  derivatives  of  p-chlorobenzenesulfonamide,  syntliesized  by  us 
earlier  [2],  cannot  be  effected  under  the  conditions  described.  When  N-acetyl,  N-benzoyl,  N-2-thiazolyl,  and 
N-2-pyrimidyl  derivatives  of  p-chlcnrobenzenesulfonamide  ate  heated  with  concentrated  aqueous  ammonia  to 
120"  and  higher,  the  acyl  or  heterocyclic  radicals  are  split  off  from  the  sulfonamide  group. 

Substitution  of  a  hydrogen  atom  in  the  para  position  of  the  {henyl  radical  in  p-(N -phenyl) -chlorobenzene - 
sulfonamide  by  a  sulfonamide  group  again  leads  to  the  side  reaction  of  arylation.  The  ammonolysis  of  p-[N-(n^- 
sulfonamidophenyl)]-chlorobenzenesulfonamide,  like  the  ammonolysis  of  p-chlorobenzenesulfonamide,  is  accom¬ 
panied  by  a  side  reaction  of  arylation,  leading  to  the  formation  of  "disulfan"  and  of  other  compounds,  probably 
the  corresponding  polysulfanilylsulfanilamides: 


n  •  Cl— SOgNH— ^S02NH2-t-2-  n  •  NH3 - ► 

•  Communication  IV  in  the  series  on  the  synthesis  of  sulfanilamide  and  its  N-substituted  derivatives  from  chloro¬ 
benzene. 
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- »►(«—*) .  _ ^-S02NH-<^  ^S02NHa+ 

4-x .  H2N-<^^^-S02-  ( H N— ^sOa-j^-N  H ^SOgN H2+  n . N  H4a 


where  n  =  1,  2,  3,  etc.,  x  =  1,  2,  3,  etc.,  and  m  =  2,  4,  6,  etc.  The  structure  of  the  byproducts  is  indicated 
by  the  products  of  their  hydrolysis;  when  the  byproducts  are  heated  with  60%  sulfuric  acid  a  mixture  of  sulfanil¬ 
amide  and  sulfanilic  acid,  with  the  latter  predominant,  is  formed. 

EXPERIMENTAL 

N^-Ethylsulfanllamlde.  The  synthesis  of  N^-ethylsulfanilamide  was  first  canied  out  in  1940  by  means  of 
the  reaction  of  p-acetaminobenzenesulfonchloride  with  ethylamine  followed  by  saponification  of  the  acetyl 
derivative  formed  [3]. 

We  prepared  this  substance  by  ammonolysis  of  p-(N-ethyl)-chlorobenzenesulfonamide.  The  ammonolysis 
of  p-chlorobenzenesulfonamide  derivatives  was  effected  in  an  autoclave  described  previously  [1]. 

The  autoclave  was  charged  with  40  g  of  p-(N-ethyl)-chlorobenzenesulfonamide  (0.18  mole),  5  g  of  copper 
sulfate,  2.5  g  of  metallic  copper  powder,  and  100  ml  of  27%  aqueous  ammonia  (1.4  mole  of  NH3).  The  mixture 
was  stined  and  heated  for  five  hours  at  150-160”;  the  pressure  rose  to  a  maximum  21-22  atmos  and  at  the  end 
of  the  reaction  fell  to  17-18  atmos.  At  the  end  of  the  reaction,  when  the  pressure  ceased  to  drop,  the  autoclave 
was  cooled  to  70”;  the  temperature  was  then  slowly  raised  from  70  to  80”  and  the  excess  ammonia  was  released 
down  to  a  pressure  of  0.5-1  atmos. 

The  autoclave  was  cooled  to  room  temperature  and  opened;  the  reaction  mass  was  neutralized  with  con¬ 
centrated  sulfuric  acid  until  no  longer  alkaline  to  phenolphthalein,  and  left  to  crystallize  for  1.5-2  hours.  The 
gray -blue  precipitate  was  filtered  off,  washed  on  the  filter  with  100  ml  of  water,  and  purified  to  remove  copper 
compounds. 

The  moist  paste  of  crude  N^-ethylsulfanilamide  was  put  into  500  ml  of  4%  aqueous  caustic  soda  solution, 
the  solution  was  heated  to  boiling,  and  air  was  blown  through  it  until  ihe  ammonia  odor  disappeared.  Copper 
oxide  was  precipitated  at  this  stage;  it  was  filtered  off.  The  filtrate  -  a  solution  of  the  sodium  salt  of  N^-ethyl- 
sulfanilamide  -  was  clarified  by  boiling  with  2  g  of  activated  charcoal  and  filtered  again;  free  N^-ethylsulfanil- 
amide  was  isolated  from  it  by  addition  of  the  calculated  quantity  of  hydrochloric  acid  with  stirring  at  20-25”. 
The  precipitated  N^-ethylsulfanilamide  was  filtered  off,  washed  with  water  to  a  negative  reaction  for  chloride 
in  the  wash  water,  and  dried  at  70”  to  constant  weight. 

The  yield  of  N^-ethylsulfanilamide  was  30.5  g,  or  83.7%  of  the  theoretical.  The  substance  is  easily  solu¬ 
ble  in  the  cold  in  a  2  N  hydrochloric  acid,  1  N  caustic  soda,  soluble  in  alcohol,  acetone,  and  ether,  and  insolu¬ 
ble  in  aromatic  hydrocarbons;  it  crystallizes  from  water  (1:16)  in  fine  colorless  needles,  m.p.  101-102”.  A 
mixed  sample  with  N^-ethylsulfanilamide  prepared  from  phenylurethan  as  described  in  the  literature  [3]  gave 
no  melting  point  depression. 

N*-Phenylsulfanilamide.  This  substance  was  prepared  by  ammonolysis  of  p-(N-phenyl)-chlorobenzenesul- 
fonamide  by  the  method  described  above  for  N^-ethylsulfanilamide. 

27  g  of  p-(N -phenyl) -chlorobenzenesulfonamide  was  heated  for  five  hours  at  150-160”  with  100  ml  of  26% 
ammonia  solution  in  presence  of  2.6  g  of  copper  sulfate  and  0.6  g  of  copper  powder;  this  gave  40-45  g  of  moist 
paste  consisting  of  crude  N^-phenylsulfanilamide.  The  paste  was  put  into  600  ml  of  4%  aqueous  caustic  soda, 
heated  to  boiling,  and  filtered.  The  filtrate  -  a  solution  of  the  sodium  salt  of  N^-phenylsulfanilamide  -  was 
clarified  by  boiling  with  1  g  of  activated  charcoal  and  filtered;  N^-phenylsulfanilamide  was  isolated  from  it  by 
addition  of  15%  hydrochloric  acid. 

The  yieldofN^-phenylsulfanilamide  was  19  g,  or  76%  of  the  theoretical.  The  substance  crystallizes  from 
alcohol  in  the  form  of  fine  colorless  needles,  m.p.  200-201”;  its  other  properties  also  agreed  with  the  literature 
data  [4];  a  mixed  sample  of  N^-phenylsulfanilamide  prepared  as  described  in  the  literature  and  by  the  above 
method  melted  without  defxression. 


1421 


N^-(2-pyridyl) -sulfanilamide.  N^-(2-pyridyl)-sulfanilamide,  known  in  medicine  as  sulfidine,  was  first  pre¬ 
pared  in  1938  by  Postovskii  and  his  associates  [5]. 

We  prepared  sulfidine  by  ammonolysis  of  the  corresponding  chloro  derivative  by  the  method  described 
above,  as  used  for  the  synthesis  of  other  -substituted  derivatives  of  sulfanilamide. 

200  g  of  p-[N-(2-pyridyl)]-chlorobenzenesulfonamide  was  heated  with  445  ml  of  aqueous  ammonia 

for  five  hours  at  150-160“  in  presence  of  19.6  g  of  copper  sulfate  and  7  g  of  copper  powder.  At  the  end  of  the 
reaction  excess  ammonia  was  removed  from  the  autoclave,  and  the  reaction  mass  was  filtered  to  yield  190-200  g 
of  a  moist  paste  of  crude  N^-(2-pyridyl)-sulfanilamide.  The  paste  was  put  into  500  ml  of  A°]o  caustic  soda  solu¬ 
tion;  the  resultant  solution  of  the  sodium  salt  of  N^-(2-pyridyl) -sulfanilamide  was  freed  from  the  small  amounts 
of  copper  compounds  by  a  current  of  air  blown  through  the  gently  boiling  solution.  After  separation  of  the  precip¬ 
itated  copper  oxide  the  solution  was  clarified  by  boiling  with  10  g  of  activated  charcoal  and  filtered.  Free  N^- 
(2-pyridyl) -sulfanilamide  was  isolated  from  the  solution  of  the  sodium  salt  at  20-25“  by  slow  addition,  with  stir¬ 
ring,  of  the  calculated  quantity  of  saturated  aqueous  ammonium  chloride  solution. 

The  precipitated  N^-(2-pyridyl)-sulfanilamide  Was  filtered  off,  washed  until  free  of  chloride,  and  dried  at 
105“  to  constant  weight.  The  yield  of  N^-(2-pyridyl)-sulfanilamide,  pale  cream  in  color,  with  m.p.  191-192“, 
was  146-150  g,  or  79-81*70  of  the  theoretical.  For  purification  to  pharmacopeia  standards,  the  substance  was  re- 
precipitated  from  alkaline  solution  with  ammonium  chloride,  and  decolorized  with  activated  charcoal  (4-5*70  by 
weight)  and  sodium  hydrosulfite  (up  to  0.5*70  by  weight). 

N^-Sulfanilylsulfanilamide  (sulfanilimide).  According  to  the  literature,  sulfanilimide  is  prepared  by  sapon¬ 
ification  of  its  diacetyl  derivative,  formed  in  low  yield  by  the  reaction  of  p-acetaminobenzenesulfonchloride  (2 
moles)  with  aqueous  ammonia  solution  (1  mole)  [6].  This  substance  was  synthesized  in  a  higher  yield  from  acet¬ 
anilide  by  Rubtsov  [7].  We  prepared  sulfanilimide  by  ammonolysis  of  p-chlorobenzenesulfimide. 

A  mixture  of  73.2  g  of  p-chlorobenzenesulfimide  (0.2  mole),  150  ml  of  27*7f  aqueous  ammonia  (2.1  moles 
of  NH3),  12  g  of  copper  sulfate,  and  3  g  of  copper  powder  was  heated  in  an  autoclave  for  five  hours  at  150-160". 

At  the  end  of  the  reaction,  excess  ammonia  was  released  from  the  autoclave  at  70-80“  until  the  pressure 
was  completely  equalized.  The  autoclave  was  cooled  to  room  temperature  and  opened;  concentrated  hydro¬ 
chloric  acid  was  added  to  the  reaction  mass  until  this  was  no  longer  alkaline  to  phenolphthalein,  and  it  was  left 
two  to  three  hours  to  crystallize. 

The  precipitated  sulfanilimide  was  filtered  off,  washed  thoroughly  with  water,  and  put  into  400  ml  of  4*7o 
caustic  soda  solution.  The  solution  of  the  sodium  salt  of  sulfanilimide  was  heated  with  gentle  boiling  for  one- 
and-a-half  to  two  hours  with  a  stream  of  air  passed  through  it.  The  precipitated  copper  oxide  was  filtered  off. 

The  filtrate  was  decolorized  by  boiling  with  5  g  of  activated  charcoal  and  filtered;  sulfanilimide  was  isolated 
in  the  form  of  a  pale  cream  amorphous  precipitate  by  addition  of  15*7o  hydrochloric  acid.  The  precipitated  sul¬ 
fanilimide  was  filtered  off,  washed  with  100-150  ml  of  water,  and  dried  at  105“  to  constant  weight.  The  yield 
was  51.9  g  of  sulfanilimide  with  m.p.  259-260“,  equivalent  to  80<7o  of  the  theoretical.  After  re  crystallization 
from  water  (1:300)  the  substance  was  obtained  in  the  form  of  fine  colorless  needles  with  m.p.  261*.  A  mixed 
sample  with  sulfanilimide  prepared  by  Rubtsov's  method  [7]  melted  without  depression. 

N*-sulfanilylsulfanilamide  (disulfan).  This  substance  is  synthesized  in  our  industry  from  acyl  anilides  by 
a  method  developed  by  Golovchinskaia  [8].  We  isolated  disulfan  as  a  byproduct  of  the  ammonolysis  of  p-chloro- 
benzenesulfonamide,  and  also  by  ammonolysis  of  p-[N(p'-sulfonamidophenyl)]-chlorobenzenesulfonamide. 

A  mixture  of  174  g  of  p-[N-(p'-sulfonamidophenyl)]-chlorobenzenesulfonamide  (0.5  mole),  250  ml  of  25<7o 
aqueous  ammonia  (3.3  moles  of  NH3),  and  10  g  of  cuprous  chloride  was  heated  in  an  autoclave  at  150-160“  until 
the  pressure  ceased  to  fall  (4-5  hours).  At  the  end  of  the  reaction  the  autoclave  was  cooled  to  70“  and  the  excess 
ammonia  was  released  as  described  above  for  the  ammonolysis  of  p-chlorobenzenesulfimide. 

The  reaction  mass  was  cooled  to  room  temperature  and  neutralized  with  concentrated  hydrochloric  acid. 
The  liquid  separated  into  two  layers.  The  upper  layer  (aqueous  liquor)  was  decanted  off.  The  lower  layer, 
which  was  a  thick,dark  brown  oil,  was  washed  with  250-300  ml  of  water,  and  N^-sulfanilylsulfanilamide  was  ex¬ 
tracted  from  it  by  treatment  with  hydrochloric  acid. 

The  oil  was  put  into  200  ml  of  2  N  hydrochloric  acid,  heated  to  60-70“,  stirred  for  five  minutes  and  cooled; 
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the  hydrochloric  acid  was  repeated  twice  more.  The  combined  hydrochloric  acid  extract  was  treated  with  IS^o 
sodium  sulfide  solution  until  precipitation  of  copper  sulfide  ceased,  then  boiled  for  five  minutes  with  10  g  of  ac¬ 
tivated  charcoal,  and  filtered.  The  colorless  filtrate  was  neutralized  with  aqueous  ammonia  solution  and  left 
for  one -and -a -half  to  two  hours  to  crystallize.  The  pale-cream  [xecipitate  was  filtered  off,  washed  thoroughly 
with  water,  and  dried  at  65-70*  to  constant  weight.  This  gave  70-72  g  of  technical  disulfan  with  m.p.  129-133*, 
or  48-50%  of  the  theoretical  yield.  After  recrystallization  from  water  (1:40)  the  substance  melted  at  133-134* 
and  conformed  to  all  the  specifications  of  the  State  Pharmacopeia  USSR. 

The  oily  portion  which  remained  after  treatment  of  the  reaction  [xroducts  with  hydrochloric  acid  probably 
consisted  of  a  mixture  of  low-melting  polysulfanilylsulfanilamides.  This  mixture,  like  the  mixture  of  the  by¬ 
products  of  the  ammonolysis  of  p-chlorobenzenesulfonamide  [1],  is  readily  soluble  in  alcohol,  acetone,  and  pyri¬ 
dine,  in  dilute  aqueous  Caustic  alkalies  and  alkali  carbonates,  and  is  insoluble  in  aromatic  hydrocarbons. 

The  mixture  of  byproducts  obtained  in  the  reaction  described  above  was  put  into  90  ml  of  60%  sulfuric 
acid  and  heated  for  two  hours  on  a  boiling  water  bath.  The  dark-brown  solution  was  cooled  and  neutralized  with 
concentrated  aqueous  ammonia  solution.  The  precipitate  was  filtered  off  and  washed  thoroughly  with  acetone 
on  the  filter,  the  acetone  filtrate  being  collected  separately. 

The  part  of  the  precipitate  which  was  insoluble  in  acetone  was  recrystallized  from  water  (1:20).  This  gave 
10  g  of  sulfanilic  acid  with  m.p.  above  250"  [1].  The  dry  residue  after  evaporation  of  the  acetone  filtrate  was 
re  crystallized  from  water  (1:8).  This  gave  1.75  g  of  sulfanilamide  with  m.p.  164-165*. 

Thus,  hydrolysis  of  the  byproducts  of  ammonolysis  of  p-[N-(p'sulfonamidophenyl)]-chlorobenzenesulfona- 
mide  yielded  the  same  substances  as  the  hydrolysis  of  the  byproducts  of  the  ammonolysis  of  p-chlorobenzenesul- 
fonamide.  It  follows  that  the  byproducts  of  the  two  reactions  are  similar  in  structure,  and  are  polysulfanilyl  deriv¬ 
atives  of  sulfanilamide. 


SUMMARY 

1.  It  was  found  in  a  study  of  the  ammonolysis  of  certain  N -alkyl  and  N-aryl  derivatives  of  p-chlorobenzene¬ 
sulfonamide  that  the  side  reaction  of  arylation  accompanies  ammonolysis  of  haloaryl  sulfonamides  only  if  the 
sulfonamide  groups  in  these  compounds  contain  substituents  capable  of  arylation. 

2.  Derivatives  of  p-chlorobenzenesulfonamide  containing  residues  of  halogen -substituted  arylsulfonic  acids 
at  the  nitrogen  atoms  exchange  both  their  halogens  for  amino  groups  in  ammonolysis.  Under  the  same  conditions 
N-acyl  derivatives  of  p-chlorobenzenesulfonamide  are  hydrolyzed,  and  therefore  cannot  be  converted  into  the 
corresponding  sulfanilamide  derivatives. 
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SYNTHESIS  OF  p-XYLENE 


I.L.  Kotliare vskil  and  A.S.  Zanina 


p-Xylene,  which  until  recently  was  a  laboratory  curiosity,  has  in  recent  years  attracted  the  attention  of 
many  chemists  all  over  the  world,  and  especially  in  England  and  America. 

It  was  recently  discovered  that  the  polycondensation  of  terephthalic  acid  with  ethylene  glycol  yields  a 
plastic  material  which  can  be  drawn  into  fine  threads  with  the  properties  of  wool.  Ethylene  glycol  is  a  product 
of  the  organic  synthesis  industry  in  every  country,  but  the  other  material,  terephthalic  acid,  was  not  previously 
produced  on  a  large  scale.  The  best  method  for  the  synthesis  of  terephthalic  acid  is  by  oxidation  of  p-xylene, 
which  gives  an  almost  quantitative  yield.  Its  production  in  recent  years  has  become  so  important  that  the  esti¬ 
mated  production  in  America  for  1960  is  114,000,000  pounds  [1]. 

The  methods  for  the  synthesis  of  p-xylene  may  be  divided  into  laboratory  methods,  which  have  a  certain 
theoretical  interest,  and  industrial  processes,  the  great  theoretical  importance  of  which  is  supplemented  by  their 
great  practical  value.  The  former  group  includes  the  production  of  mixed  xylenes  from  acetylene  [2-4]  and  the 
preparation  of  a  mixture  of  o-  and  p-xylene  by  the  action  of  heat  on  a  mixture  of  tetrahydrophthalan  and  P2O5 
[5];  dehydrogenation  of  divinyl  dimer,  which  also  yields  a  mixture  of  o-  and  p-xylene  [6];  and  preparation  of 
p-xylene  in  42<7o  yield  by  condensation  of  p-CH3CgHjNa  with  methyl  iodide  [7].  Among  the  interesting  reactions 
which  yield  p-xylene,  mention  may  be  made  of  the  conversion  of  3,6-dimethyltetrahydrophthalic  anhydride, 
when  heated  with  PjOs,  into  p-xylene  in  80%  yield  [8],  and  the  isomerization  and  dehydrogenation  of  methyl- 
cyclopentane  over  a  platinum  catalyst,  effected  by  Turova -Poliak  and  Elappoport  [9]. 

Shuikin  and  his  associates  [10, 11]  have  described  the  formation  of  traces  (2-3%)  of  mixed  xylenes,  with 
large  amounts  of  other  products,  by  isomerization  of  cyclopentane  and  methylcyclopentane  over  Pt  |  AI2O3,  or 
by  isomerization  of  octene-1  over  Troshkovsk  kaolin.  The  most  significant  reactions  for  the  production  of  p- 
xylene  are  those  in  which  p-xylene  is  obtained  by  aromatization  or  isomerization  of  appropriate  gasoline  frac¬ 
tions.  Supplies  of  cheap  raw  materials  for  such  a  process  are  completely  assured,  and  its  only  disadvantage  is 
the  complex  technological  procedure  for  separation  of  p-xylene  from  its  mixtures  with  o-  and  m -xylene  and 
ethylbenzene. 

Thus,  platforming  of  a  gasoline  fraction  boiling  between  27  and  141®  yields  52-65%  of  mixed  xylenes, 
calculated  on  the  heavy  platformate  [12]. 

The  Cg  gasoline  fraction  was  dehydrogenated  to  give  aromatics,  which  were  then  separated  by  extractive 
distillation.  o-Xylene  was  isolated  by  superfractionation;  p-xylene  was  isolated  by  crystallization.  The  resi¬ 
due  was  isomerized  over  Al20^.  promoted  with  0.5-3%  of  fluoride,  at  350-485®  and  7-50  atmos;  the  p-xylene 
content  of  the  catalyzate  then  rose  again  to  the  equilibrium  level  [13]. 

Several  investigations  have  dealt  with  the  raising  of  the  p-xylene  content  in  xylene  mixtures  to  the  equi¬ 
librium  level  after  separation  of  p-xylene  by  freezing.  Such  isomerization  allows  more  complete  utilization 
of  mixed  xylenes  formed  by  the  aromatization  of  gasoline  fractions.  For  example,  a  mixture  of  m -xylene  and 
ethylbenzene  can  be  isomerized  when  it  is  passed  with  hydrogen  or  steam  at  426-593®  over  a  clay-type  cracking 
catalyst,  giving  a  mixture  of  o-  and  p-xylenes  [14]. 

Mixed  xylenes  are  passed  at  450®  and  space  velocity  0.5  hour”^  over  aluminum  oxide  treated  with  SiF4; 


♦Communication  V  in  the  series  on  unsaturated  hydrocarbons. 
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the  product  then  contains  22%  o-,  55%  m-,  and  20%  p-xylene,  the  latter  being  removed  by  freezing;  a  second 
pass  over  the  same  catalyst  again  raises  the  p-xylene  content  to  20%  [15].  m-Xylene  is  isomerized  into  a  mix¬ 
ture  of  5.2%  ethylbenzene,  5.3%  o-xylene,  74.2%  m-xylene,  and  15.3%  p-xylene  when  passed  over  MoOj  at  505", 
15  atmos,  at  a  rate  of  1  volume/1  volume  of  catalyst ‘hour.  Two  extensive  investigations  [16, 17]  deal  with  dis¬ 
proportionation  and  isomerization  of  alkylbenzenes;  thus,  the  best  results  in  the  isomerization  of  m-xylene  in 
presence  of  six  moles  of  HF  per  one  mole  of  xylene  and  0.09  mole  of  BF3  were  obtained  at  98*  and  30  minutes 
contact  time;  this  gave  a  mixture  of  o-,  m-,  and  p-xylenes  (15:64:22)  in  98% yield;  conditions  were  found  in 
which  a  mixture  of  xylenes  is  obtained  as  the  principal  product  from  toluene  in  the  presence  of  BF3  and  of  six 
moles  of  HF  per  mole  of  toluene  [18].  p-Xylene  is  converted  into  a  mixture  of  o-  and  m-xylene  at  430“  over 
A1203  treated  with  boron  fluoride  etherate  [19].  Ipatiev  and  Pynes  [20]  demonstrated  the  possibility  of  isomeri¬ 
zation  of  gem -substituted  cyclohexanes  and  substituted  benzenes. 

Herington  and  Rideal  [21]  described  a  detailed  study  of  the  aromatization  of  isomeric  octanes;  they 
showed  that  mainly  p-xylene  is  formed  in  the  aromatization  of  2,5-dimethylhexane  and  2,2,4-trimethylpentane. 

There  have  been  several  special  investigations  of  the  isolation  of  p-xylene  from  the  xylene  fraction  of  hy¬ 
droforming  gasoline  or  aromatization  products. 

For  example,  Humphreys  et  al.  [22]  state  that  for  easier  isolation  of  p-xylene  by  crystallization  from 
mixed  xylenes,  0.01-0.5%  of  alcohols,  ketones,  or  aldehydes,  preferably  methanol,  should  be  added  to  the  mix¬ 
ture;  this  assists  the  growth  of  p-xylene  crystals.  The  o-  and  m-xylene  in  the  mixture  of  the  three  isomers  are 
combined  with  SCI  to  give  disulfides,  and  p-xylene  is  distilled  off  [23]. 

McKay  showed  that  the  purity  of  p-xylene  can  be  raised  from  68  to  93%  if  it  is  washed  with  water  on  the 
filter  at  62*  [24]. 

p-Xylene  can  be  isolated  from  mixtures  in  which  it  is  present  in  small  amounts,  by  twofold  crystallization 
and  centrifugation  [25]. 

The  method  for  separation  of  p-xylene  from  the  xylene  fraction  of  hydroforming  gasoline  consists  of  dis¬ 
tillation  of  o-xylene  and  separation  of  the  m-  and  p-isomers  either  by  selective  sulfonation  of  m-xylene,  or  by 
low -temperature  crystallization  of  p-xylene.  The  oxidation  of  p-xylene  to  terephthalic  acid  is  effected  by  air 
at  1  atmos  and  140“  in  presence  of  cobalt  oleate  or  phthalate  (0.02-0.002%).  Terephthalic  acid  is  purified  by 
washing  with  hot  methanol  or  ethanol  [1]. 

Graham  [26]  has  described  a  continuous -action  crystallizer  for  continuous  separation  of  mixtures  of  m- 
and  p-xylene.  Raman  spectra  are  used  for  determination  of  xylenes  in  mixtures  [27]. 

After  our  work  [28]  on  the  synthesis  of  phenanthrene  and  p-xylene  by  the  aromatization  of  divinylacetylene 
hydrocarbons  had  been  completed,  there  was  issued  a  British  patent  describing  the  synthesis  of  p-xylene  from 
acetylene  and  acetone  through  tetramethylbutynediol  [29].  In  this  process  p-xylene  was  obtained  in  36%  yield 
calculated  on  tetramethylbutynediol  according  to  the  following  reaction  scheme: 


CH5 


CH3 


^^Ng-C=G— dehydration  H2G=G— C=G— (1=GH2 
I  10-fold  amt  llsPQi 

OH  OH  HjPO, 

CH,-CH,-CH/H3?>°,natlzatt.j^  X 

GHa^  XlHg 

We  proposed  the  following  process  for  the  synthesis  of  p-xylene  from  tetramethylbutynediol; 
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We  prepared  tetramethylbutynediol  by  a  well-known  method,  which  was  used  by  ihe  British  workers  and 
which  gives  tetramethylbutynediol  in  approximately  80%  yield  [30], 

The  total  yield  of  p-xylene  by  this  process  was  60%  calculated  on  tetramethylbutynediol. 

In  our  process  tetramethylbutanediol  is  dehydrated,  to  give  a  mixture  of  2,5-dimethylhexadiene  and  2,2,5,5- 
tetramethyltetrahydrofuran  in  88-92% yield.  The  latter,  under  aromatizadon  conditions,  is  dehydrated  to  2,5- 
dimethylhexadiene  and  can  be  subjected  to  aromatizadon  separately,  giving  p-xylene  in  the  same  yield  as  2,5- 
dimethylhexadiene  does,  or  together  with  the  latter.  In  our  experiments  2,2,5, 5-tetramethyltetrahydrofuran  was, 
as  a  rule,  mixed  with  2,5-dimethylhexadiene. 

The  aromatizadon  of  2,5-dimethylhexadiene  is  effected  in  presence  of  Cr203|Al203|  MgO  catalyst  (18:80:2) 
at  510“  and  at  a  high  space  vetocity;  the  reaction  yields  the  individual  p-xylene  which  crystallizes  in  an  ice- 
cooled  receiver  immediately  after  the  reaction;  after  the  first  recrystallization,  with  loss  of  10%  of  the  mother 
liquor  which  crystallizes  completely  even  at  — 5“,  the  product  melts  at  13-13.5“.  When  the  crude  p-xylene  is 
distilled,  about  1%  of  residue  is  left;  this  is  apparently  also  an  individual  substance,  as  it  crystallizes  in  the  dis¬ 
tillation  flask  when  cooled  to  room  temperature.  As  the  amount  of  it  was  small,  this  substance  was  not  invest¬ 
igated.  The  yield  of  p-xylene  by  the  aromatization  of  2,5-dimethylhexadiene  is  63-66%.  In  order  to  establish 
the  optimum  conditions  for  the  above  synthesis,  we  carried  out  the  aromatization  of  the  products  of  partial  and 
complete  hydrogenation  of  2,5-dimethylhexadiene.  Both  2,5-dimethylhexene  and  2,5 -dime  thy  Ihe  xane  are  aro¬ 
matized  much  less  effectively  than  2,5-dimethylhexadiene,  the  yield  does  not  rise  above  60%,and  the  product 
is  not  so  well  defined  as  the  aromatization  product  of  2,5-dimethylhexadiene. 

EXPERIMENTA  L 

Condensation  of  dimethylethynyl  carbinol  with  acetone.  To  15  g  of  caustic  potash  ground  to  a  powder  and 
contained  under  a  layer  of  ether  (50  ml)  in  a  flask  fitted  with  a  stirrer  and  cooled  in  water,  8.2  g  of  dimethyl¬ 
ethynyl  carbinol  (b.p.  100-102“)  was  added;  the  mixture  was  stirred  for  five  minutes  and  5.8  g  of  acetone  was 
added.  The  mixture  was  stirred  at  room  temperature  for  30  minutes,  and  decomposed  with  30  ml  of  water;  the 
aqueous  layer  was  extracted  twice  with  ether,  the  combined  ether  extracts  were  washed  with  5%  sulfuric  acid 
and  sodium  bicarbonate,  dried  over  fused  potash  and  distilled  after  removal  of  ether;  this  gave  tetramethylbutyne¬ 
diol,  yield  95%,  b.p.  195-200“,  m.p.  90-94*. 

Hydrogenation  of  tetramethylbutynediol;  200  g  of  the  distilled  diol  (b.p.  100*  at  14  mm)  and  170  ml  of 
alcohol  was  hydrogenated  in  an  autoclave  in  presence  of  3  g  of  Raney  nickel  catalyst  under  excess  pressures  be¬ 
tween  80  and  4  atmos  at  20*  (the  reaction  rate  is  increased  several  fold  when  the  temperature  is  raised  to  100“). 
After  absorption  of  2  moles  of  hydrogen,  filtration,  and  distillation  of  the  alcohol,  the  substance  crystallized 
completely;  the  yield  was  quantitative,  m.p.  of  the  crude  product  was  75-76“. 

Dehydration  of  tetramethylbutanediol;  a)  8  g  of  the  substance  and  1  g  of  finely  powdered  freshly  calcined 
potassium  bisulfate  was  distilled  in  a  Wurtz  flask.  The  temperature  of  the  bath  was  120“.  The  dehydration  was 
rapid  and  complete;  the  aqueous  layer  was  separated  off,  and  the  organic  layer  was  dried  with  calcium  chloride 
and  distilled.  The  product  consisted  of  5.2  g  of  2,5-dimethylhexadiene  (b.p.  105-112“)  and  1  g  of  its  mixture 
with  2, 2, 5, 5-tetramethyltetrahydrofuran  (b.p.  115-140“). 

b)  200  g  of  the  diol  was  distilled  with  5  g  of  98%  H3PO4;  treatment  as  before  gave  the  diene  with  b.p. 
102-112*  (most  of  the  substance  boiled  between  104  and  107*),  in  92%  yield. 

2,5 -Dime thy Ihexene  was  prepared  by  hydrogenation  of  2,5-dimethylhexadiene  with  the  calculated  quan¬ 
tity  of  hydrogen  over  Raney  nickel  catalyst  in  an  autoclave  at  20*  and  80-20  atmos.  Dimethylhexane  was  pre¬ 
pared  by  exhaustive  hydrogenation  of  2,5-dimethylhexadiene. 

Aromatization  of  2,5-dimethylhexadiene.  The  aromatization  was  effected  over  Cr203|Al203|Mg0  (18:80:2) 
catalyst,  made  by  impregnation  of  pieces  of  commercial  alumina  with  a  solution  of  the  calculated  amounts  of 
Cr03  and  MgC03  in  water,  evaporation  of  the  mixture  in  a  drying  oven,  and  calcination  of  the  impregnated 
pieces  in  a  current  of  air  at  300*  for  two  hours,  at  300-500*  for  one  hour,  and  at  500*  for  two  hours. 

The  catalyst  was  placed  in  a  tube  of  14  mm  internal  diameter,  and  heated  in  a  tube  furnace  at  a  temper¬ 
ature  regulated  to  ±2“.  The  thermocouple  was  in  the  catalyst  layer.  The  substance  was  supplied  from  a  special 
feeding  device  with  an  electrolyzer  (the  design  of  which  was  described  to  us  by  senior  scientific  assistant  of  the 
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TABLE  1 

Aromatization  of  2,5-DimethylhexadieneOver  70  ml  of  MgO|Cr20)|Al{03  (2: 18:  80)  Catalyst 


Temperature 

CC) 

Total  raw 
feed  (in  g) 

Feed  rate 
(in  g/hour) 

Moles  H2 
liberated 
per  mole 
of  sub¬ 
stance 

Yield  of 
catalyzate 
(in  g) 

Yield  of 
p -xylene 
(in  % 

Notes 

550 

16.5 

4.8 

4.4 

5.1 

31 

2  moles  of  H2  should  be 
liberated  per  mole  of  sub¬ 
stance 

550 

16.5 

9.6 

3.9 

8.4 

47.5 

- 

500 

5.6 

10.1 

2.8 

3.1 

55.3 

- 

500 

15.9 

10.1 

2.08 

9.8 

61 

Catalyst  not  regenerated  be- 

500 

6.65 

16.8 

2.2 

4.0 

66.2 

fore  experiment;  p -xylenes 
b.p.  127-134*  at  728  mm, 
nf  1.4955,  m.p.  12.5-13.6* 

500 

14.9 

16.8 

2.2 

9.4 

63 

Catalyst  not  regenerated  be¬ 
fore  experiment 

510 

21.6 

21.0 

2.2 

13.2 

61 

- 

490-500 

22.0 

20 

2.2 

13.2 

60 

Catalyst  not  regenerated  be¬ 
fore  experiment 

TABLE  2 

Aromatization  of  2,5-Dimethylhexene  (Experiments  1  and  2)  and  2,5-Dimethylhexane  over  MgOjCrjOsI  AI2O3 
Catalyst 


Experi¬ 
ment  No. 

Tempera¬ 
ture  (*C) 

Total  raw 
feed  (g) 

Feed  rate 
(g/hour) 

Moles  H2 
liberated 
per  mole 
of  sub¬ 
stance 

Yield  of 
catalyzate 

(g) 

Yield  of 
p -xylene 

Notes 

1 

510 

8.1 

14.5 

3.12 

4.0 

49 

70  ml  of  regenerated 
catalyst 

2 

500-510 

15.7 

9.35 

3.0 

8.2 

52 

70  ml  of  unregenerated 
catalyst 

3 

550 

10.0 

7.5 

3.5 

5.2 

26.5 

50  ml  of  regenerated 
catalyst;  2.65  g  of  p- 
xylene,  b.p.  130-135* 

4 

550 

10.0 

8.4 

3.5 

7 

57.2 

50  ml  of  regenerated 
catalyst;  5.72  g  of  p- 
xylene,  b.p.  127-135* 

Institute  of  General  Chemistry,  Acad.  Sci.  USSR  V.E.  Vasserberg,  to  whom  we  are  grateful).  The  catalyzate  was 
collected  in  a  receiver  cooled  in  ice.  The  course  of  the  reaction  was  controlled  by  the  evolution  of  hydrogen; 
this  was  measured  at  the  beginning,  middle,  and  end  of  the  experiment.  As  a  rule  the  activity  of  the  catalyst 
did  not  decrease  after  two  to  three  hours  of  use,  but  nevertheless  it  was  regenerated  after  this  time  at  500-550* 
in  a  current  of  air,  its  activity  being  fully  restored.  When  the  first  portions  of  the  diene  reached  the  freshly  re¬ 
generated  catalyst,  the  temperature  jumped  by  25-30*,  but  after  four  to  five  minutes  it  returned  to  the  original 
level.  During  regeneration  of  the  catalyst  the  temperature  rose  spontaneously  by  50-60*  owing  to  combustion 
of  the  carbon  deposited  on  it;  however,  this  was  not  for  long,  indicating  that  the  degree  of  carbonization  of 
the  catalyst  was  low. 
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The  yields  given  in  this  paper  refer  only  to  the  solid  catalyzate;  no  account  is  taken  of  losses  of  the  prod¬ 
uct  with  the  exit  gases,  which  gave  a  very  strong  fortnolite  reaction. 

Special  experiments  in  which  p-xylene  was  collected  from  the  exit  gases  showed  that  the  loss  of  p-xylene 
(which  may  be  avoided  in  the  production  process  by  means  of  adsorption)  with  the  outgoing  hydrogen  is  at  least 

The  experimental  procedure  was  as  follows:  the  tube  with  the  regenerated  catalyst,  heated  to  the  requited 
temperature,  was  blown  through  with  dry  nitrogen,  the  electrolyzer  of  the  feed  device  was  switched  on,  and  the 
nitrogen  was  shut  off;  after  all  the  substance  had  been  fed  through,  a  weak  stream  of  nitrogen  was  blown  through 
the  tube. 

The  results  of  the  experiments  are  summarized  in  Tables  1  and  2. 

SUMMARY 

1.  In  the  development  of  a  new  method  for  the  production  of  p-xylene  from  acetone  and  acetylene  it  was 
shown  that  aromatic  ring  closure  occurs  most  easily  when  the  original  substance  contains  two  double  bonds  in 
the  molecule. 

2.  The  method  may  form  the  basis  of  an  industrial  process  for  the  production  of  p-xylene. 
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PREPARATION  OF  CERTAIN  NITRO-  AND  A  M I N  OC  A  RB  A  N I  LI  DE  S* 


S.N.  Solodushenkov,  V.N.  Kliuev  and  A. A.  Spryskov 
The  Ivanovo  Institute  of  Chemical  Technology 


In  the  previous  communication  [1]  we  described  the  preparation  of  a  number  of  nitrocarbanilides,  which 
may  be  used,  after  reduction,  for  synthesis  of  azo  dyes.  In  the  present  investigation  nitrocarbanilides  were  pre¬ 
pared  through  phenyl  isocyanate  derivatives.  Aminocarbanilides  were  also  prepared  from  acetyl  derivatives  of 
p-phenylenediamine  and  from  aminoazobenzene. 

Apart  from  methods  for  the  preparation  of  nitro  derivatives  of  carbaniUde  with  the  use  of  phosgene,  which 
were  reviewed  in  the  previous  communication  [1],  other  methods  are  described  in  the  literature.  For  example, 
Hoogstraten  [2]  prepared  4,4'-dinitrocarbanilide  by  the  action  of  water  on  a  solution  of  p-nitrophenyl  isocyanate 
in  acetone.  Latovskii  [3]  prepared  a  series  of  monosubstituted  carbanilides  by  the  reaction  of  phenyl  isocyanate 
with  aromatic  amines.  Ryan  and  O'Toole  [4]  described  the  preparation  of  4,4’-dinitrocarbanilide  by  fusion  of 
2  moles  of  p-nitroaniline  with  1  mole  of  urea  at  190°.  Mistry  and  Guha  [5]  carried  out  this  reaction  in  boiling 
isoamyl  alcohol  until  evolution  of  ammonia  ceased.  Manuelli  and  Ricca -Rose llini  [6]  prepared  4,4'-dinitrocar- 
banilide  by  the  action  of  heat  on  p-nitroaniline  with  4-nitrophenylutethan  at  200°.  The  same  method  was  used 
for  preparation  of  2,2’-  and  3,3'-dinitrocarbanilides.  4,4* -Dinitrocarbanilide  is  also  formed  [7]  when  p-nitro- 
benzazide  is  boiled  with  water  or  dinitrohydrocyanocarbodiphenylimide  is  heated  with  caustic  soda  [8].  Jadhav 

[9]  boiled  n-propylacetoacetate  with  excess  of  aromatic  amines  to  prepare  various  carbanilides. 

Of  the  above  methods,  the  preparation  of  carbanilide  derivatives  with  the  aid  of  aromatic  isocyanates  is 
of  the  greatest  interest;  this  method  was  used  in  the  present  investigation. 

Various  aminocarbanilides  may  be  prepared  by  several  methods.  For  example,  Schiff  and  Ostrogovick 

[10]  prepared  4,4’-diacetaminocarbanilide  by  fusion  of  N-acetyl-p-phenylenediamine  with  urea;  the  product 
was  saponified  to  give  4,4*-diaminocarbanilide.  Mistry  and  Guha  [5]  found  that  4,4*-diacetaminocarbanilide 
and  its  derivatives  are  formed  by  the  interaction  of  urea  and  p-amino-N -acetanilide  or  its  derivatives  in  boil¬ 
ing  isoamyl  alcohol.  A  number  of  patents  [11]  contain  descriptions  of  the  preparation  of  4,4'-diaminocarbanil- 
ides  by  the  interaction  of  p-phenylenediamine  or  its  derivatives  with  urea  at  high  temperatures  in  inactive  sol¬ 
vents.  This  method  was  used  to  prepare  4,4’ -diamino-3,3' -dimethylcarbaniUde  and  4,4’-diaminocarbanilide. 
The  latter  is  also  formed  when  p-phenylenediamine,  urea  and  water  are  heated  together  at  103°  for  24-32  hours 
[12].  Distillation  of  a  mixture  of  urea,  p-phenylenediamine,  and  water  also  yields  4,4’-diaminocarbanilide  [13]. 
It  is  reported  [14]  that  diacyl  derivatives  of  4,4*-diaminocarbanilides  may  be  prepared  by  phosgenation  of  sub¬ 
stituted  N-acyl-p-phenylenediamines.  The  reaction  conditions,  however,  are  not  described.  It  is  also  possible 
to  phosgenate  solutions  of  diamines  substituted  in  the  nucleus,  with  amino  groups  differing  in  basicity.  Thus, 

in  the  phosgenation  of  p-phenylenediamine -2-sulfonic  acid  only  the  amino  group  which  has  no  sulfonic  group 
in  the  ortho  position  to  it  reacts  with  phosgene,  and  4,4* -diamino-3,3’ -disulfocarbanilide  is  formed  [15].  4,4’- 
Diamino-3,3’,5,5’-tetrachlorocarbanilide  is  similarly  prepared  from  2,6-dichlorophenylenediamine  [16]. 

In  this  brief  review  we  do  not  consider  methods  for  the  preparation  of  aminocarbanilides  from  the  cor¬ 
responding  nitro  compounds  by  reduction. 

In  the  present  investigation  aminocarbanilides  were  prepared  by  phosgenation  of  acetyl  derivatives  of  di- 
•Communication  II  in  the  series  on  the  synthesis  and  applications  of  carbanilide  derivatives. 
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amines  and  aminoazobenzene,  followed  by  removal  of  acyl  groups  or  reduction  of  azo  groups. 

EXPERIMENTA  L 

Synthesis  of  2-methoxy-4-nitrophenyl  isocyanate.  This  compound  is  not  described  in  the  litbiature;  it 
was  prepared  for  synthesis  of  nitrocarbanilides. 

21  g  of  soda  was  added  to  a  solution  of  34  g  of  2-methoxy-4-nittoaniline  in  600  ml  of  dry  toluene,  heated 
to  40-45“,  and  a  current  of  phosgene  was  passed  through  the  stirred  solution  for  five  to  six  hours.  Excess  phosgene 
and  hydrogen  chloride  were  thenblown  out  with  air,  the  precipitated  mineral  salts  were  filtered  off,  and  part  of 
the  toluene  removed  by  distillation.  The  cooled  residue  deposited  yellow  crystalline  2-methoxy-4-nitrophenyl 
isocyanate  in  a  yield  of  22  g  (56‘7oof  the  theoretical),  m.p.  114.5-115"  after  re  crystallization  from  dry  toluene. 

0.1678  g:  21.87  ml  Nj  (18“,  732  mm  Hg) 

Found  <7o:  N  14.73.  CgH604N2.  Calculated  ‘7«  N  14.43. 

The  action  of  ammonia  on  a  toluene  solution  of  2-methoxy-4-nitrophenyl  isocyanate  gives  an  egg -ye  How 
precipitate  of  2-methoxy-4-nitrophenylurea,  m.p.  215". 

Synthesis  of  4,4*-dinitro-2,2*-dimethoxycarbanilide.  Equimolar  amounts  of  2-methoxy-4-nitrophenyl  iso¬ 
cyanate  and  2-methoxy-4-nitroaniline  were  dissolved  in  toluene  and  heated  for  30  minutes  under  reflux.  The 
solution  was  cooled;  the  yellow  precipitate  of  4,4*-dinitro-2,2'-dimethoxycarbanilide  was  filtered  off,  treated 
several  times  with  hydrochloric  acid,  and  washed  with  hot  water.  This  gave  a  substance  with  m.p.  275". 

Found  <7o;  N  15.46.  C15H14O7N4.  Calculated  N  15.42. 

The  reaction  proceeds  as  follows: 

02N<^  ^_n=(x)  I  H2N-/  \_no2-^02N-/  ">-niicomn-/“ 

\  /  \  / - ^ 

fXIHs  OCH;,  OCH;,  OCH., 

Synthesis  of  4-nitro-2,2*  -dimethoxycarbanilide.  Aromatic  isocyanates  may  be  used  for  synthesis  of  asym¬ 
metric  carbanilides.  For  example,  equimolar  amounts  of  2-methoxy-4-nitrophenyl  isocyanate  and  o-anisidine, 
dissolved  in  dry  toluene,  were  boiled  for  1-1.5  hours  under  reflux.  The  solution  deposited,  on  cooling,  a  yellow 
precipitate  of  4-nitro-2,2'-dimethoxycarbanilide  in  almost  theoretical  yield,  m.p.  203.5".  The  substance  crys¬ 
tallized  in  the  form  of  fine  needles  from  80'7o  acetic  acid,  but  its  melting  point  remained  unchanged. 

Synthesis  of  4-nitro-2,2*,4*-trimethoxy-5*-methylcarbanilide.  Equimolar  amounts  of  2,4-dimethoxy-5- 
aminotoluene  and  2-methoxy-4-nitrophenyl  isocyanate  were  dissolved  separately  in  toluene  on  warming.  A  hot 
solution  of  the  latter  compound  was  added  gradually  with  stirring  to  a  hot  solution  of  the  former.  The  mixture 
was  then  boiled  for  30-40  minutes  under  reflux.  The  cooled  solution  deposited  the  greenish -yellow  carbanilide; 
this  was  washed  with  hot  toluene  to  give  a  compound  with  m.p.  194.5"  in  almost  theoretical  yield.  After  two¬ 
fold  recrystallization  from  SO'yo  acetic  acid,  4-nitro-2,2’,4*-trimethoxy-5’-methylcarbanilide  (not  described  in 
the  literature)  was  obtained  in  the  form  of  small  bright  light  yellow  leaflets,  m.p.  211". 

Synthesis  of  4,4'-diacetamino-3,3*-dichlorocarbanilide.  The  starting  material  was  2-chloro-4-nitroaniline; 
this  was  acetylated  with  acetic  anhydride  and  reduced  with  iron  filings  at  75"  to  give  N’-acetyl-2-chloro-l,4- 
phenylenediamine  with  m.p.  133"  (literature  data  134-135");  the  yield  was  about  90‘7o  calculated  on  2-chloro- 
4-nitroaniline. 

N’-acetyl-2-chloro-l,4-phenylenediamine  was  phosgenated  in  aqueous  sodium  acetate  solution  at  30-35". 
The  white  precipitate  was  filtered  off,  washed  with  water,  hot  5*70  hydrochloric  acid,  and  water  again.  This  gave 
4,4’-diacetamino-3,3’-dichlorocarbanilide  (not  described  in  the  literature);  the  yield  was  94-95*70  of  the  theor¬ 
etical. 

The  substance  is  insoluble  in  water,  methanol,  ethanol,  carbon  tetrachloride,  benzene,  or  toluene;  it  is 
sparingly  soluble  in  hot  glacial  acetic  acid,  and  separates  out  in  the  form  of  fine  needles  from  the  cooled  solu- 
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tlon;  it  is  readily  soluble  in  boiling  tetrachloroe thane  and  is  not  deposited  from  the  cooled  solution;  it  dis¬ 
solves  in  boiling  nitrobenzene,  but  separates  out  when  the  solution  is  cooled  somewhat.  After  recrystallization 
from  glacial  acetic  acid,  4,4' -diacetamino-3,3'-dichlorocarbanilide  melts  at  299.5°. 


0.1518  g:  19.5  ml  Ng  (25°,  744  mm  Hg). 

Found  %  N  14.40.  Ci7Hie03N4Cl2.  Calculated  <7o:  N  14.18. 

Synthesis  of  4,4* -diamino -3,3* -dichlorocarbaniUde.  Hydrolysis  of  4,4' -diace tamino -3,3' -dichlorocar- 
banilide  may  occur  at  the  carbamide  group,  which  must  be  avoided,  or  at  the  acetamide  groups.  The  substance 
is  not  changed  appreciably  when  boiled  with  lO^o  caustic  soda  solution  for  two  hours  or  heated  with  12.5%  am¬ 
monia  in  a  sealed  tube  at  100“  for  five  hours.  If  the  temperature  of  healing  with  ammonia  is  raised  to  200“, 

4,4' -diacetamino-3, 3’ -dichlorocarbaniUde  is  completely  hydrolyzed  to  form  2-chloro-l,4-phenylenediamine. 

Schiff  and  Ostrogovick  [10]  boiled  4,4* -diace taminocarbaniUde  for  10  minutes  in  a  mixture  of  equal 
volumes  of  concentrated  hydrochloric  acid  and  water  to  hydrolyze  the  acetyl  groups,  but  4,4’ -diacetamino-3, 3'- 
dichlorocarbaniUde  is  not  hydrolyzed  under  these  conditions. 

As  4,4* -diacetamino-3, 3 '-dichlorocarbaniUde  is  soluble  in  hot  sulfuric  acid,  this  was  chosen  as  the  hydro¬ 
lysis  medium  and  the  process  was  carried  out  under  different  conditions,  the  amounts  of  2-chloro-l,4-phenyl- 
enediamine  and  4,4* -diamino -3 ,3 ’-dichlorocarbaniUde  being  determined  in  order  to  find  the  optimum  condi¬ 
tions  for  formation  of  the  latter. 

A  weighed  quantity  of  the  acetyl  derivative  was  dissolved  in  sulfuric  acid,  the  solution  was  warmed,  then 
cooled  rapidly,  diluted  with  water  to  100-120  ml,  and  20%  caustic  soda  solution  was  added  cautiously  to  the 
solution  cooled  in  ice  until  the  latter  was  alkaUne  to  thiazole  paper.  The  precipitate  was  filtered  off  and 
washed  with  water  until  neutral;  the  combined  filtrate  and  the  wash  water  were  acidified  with  sulfuric  acid  and 
diazotized  with  0.1  N  nitrite  solution  for  determination  of  2-chloro-l,4-phenylenediamine.  The  precipitate 
was  dissolved  in  concentrated  sulfuric  acid  vtith  cooUng,  the  solution  was  made  up  to  150  ml  with  water,  and 
diazotized  with  0.1  N  nitrite  solution  for  determination  of  4,4' -diamino-3, 3'-dichlorocarbaniUde. 

To  check  the  method  of  determination,  two  experiments  were  performed  with  artificial  mixtures.  Weighed 
amounts  of  the  three  components  were  mixed  with  23  ml  of  50%  sulfuric  acid,  and  then  treated  as  described 
above.  The  results  of  the  tests,  given  in  Table  1,  show  that  the  values  found  exceed  the  true  values  by  not 
more  than  1.5%  calculated  on  the  mixture. 


TABLE  1 

Test  of  the  Method  Used  for  Study  of  the  Hydrolysis,  With  the  Use  of  Synthe¬ 
tic  Mixtures 


Taken  (in  g)  | 

1  Found  (in  g) 

2-chloro- 

4,4’-diami- 

4,4*-diacet- 

2-chloro- 

4,4* -diamino- 

1,4-phenyl- 

no-3,3*-di- 

amino  -3,3*- 

1,4-phenyl- 

3,3'  -dichloro- 

ene  diamine 

chlorocar- 

dichlorocar- 

ene  diamine 

carbaniUde 

baniUde 

baniUde 

0.1008 

0.1301 

0.1619 

0.1070 

0.1360 

0.1005 

0.1358 

0.5002 

0.1074 

0.1362 

The  influence  of  various  reaction  conditions  was  studied  in  a  number  of  experiments  on  the  hydrolysis  of 
4,4* -diacetamino-3, 3* -dichlorocarbaniUde.  1.5  g  lots  of  the  substance  were  hydrolyzed  in  16  g  of  sulfuric 
acid  with  stirring.  The  results  of  the  experiments,  given  in  Table  2,  show  that  increase  of  temperature  leads  to 
hydrolysis  predominantly  at  the  carbamide  group.  The  conditions  used  in  Experiment  7  give  a  quite  satisfactory 
yield,  86%,  of  4,4* -diamino -3,3* -dichlorocarbaniUde.  DupUcate  experiments  gave  the  same  results. 

4,4*-Diamino-3,3'-dichlotocarbaniUde,  obtained  in  73% yield  calculated  on  2-chloro-4-nitroaniUne, 
was  re  cry  stall!  zed  from  50%  alcohol  in  the  form  of  colorless  crystals  melting  at  248“  with  decomposition. 
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0.1207  g:  19.3  ml  Nj  (25%  738  mm  Hg).  0.3910  g:  24.40  ml  0.1  N  NaNOj. 

Found  °]<f.  N  17.78;  equiv.  160.2.  Ci,Hi20N4Cl2.  Calculated  ‘5k  N  18.02;  equiv.  155.5. 


4,4’ -Diamino-3,3’ -dichlorocarbanilide  is  sparingly  soluble  in  boiling  water;  it  dissolves  in  hot  methanol 
and  ethanol;  it  is  easily  soluble  in  glacial  acetic  acid;  it  is  almost  insoluble  in  benzene  or  toluene;  it  dis¬ 
solves  in  concentrated  sulfuric  acid,  but  only  on  heating  in  the  bOfo  acid;  the  cooled  solution  deposits  ihe  sul¬ 
fate  of  the  amine  in  the  form  of  colorless  thin  needles,  sparingly  soluble  in  water;  it  dissolves  on  heating  in  di¬ 
lute  hydrochloric  acid,  and  the  cooled  solution  deposits  the  hydrochloride  in  the  form  of  colorless , thin,  long 
needles,  m.p.  ~247*  (with  decomposition). 

0.1776  g;  9.24  ml  0.1  N  NaOH. 

Found:  equiv.  192.2.  CJ3H12ON4CI2  •  2HC1.  Calculated;  equiv.  192.0. 

Synthesis  of  4,4*-diacetamino-3,3'-dimethoxycarbanilide.  The  starting  material  for  the  synthesis  is  2- 
methoxy-4-nitroaniline,  which  is  converted  into  2-methoxy-N* -acetyl-1,4 -phenylenediamine  by  acetylation 
and  reduction.  The  compound  is  treated  with  gaseous  phosgene  in  sodium  carbonate  solution.  The  reaction  pro¬ 
ceeds  rapidly  with  a  quantitative  yield  of  4,4'-diacetamino-3,3’-dimethoxycarbanilide  in  the  form  of  a  white 
precipitate.  The  compound  melts  at  25 1.5- 253"  with  decomposition  after  recrystallization  from  dilute  acetic  acid. 

0.1012  g:  12.84  ml  N2  (23.5",  742  mm  Hg).  ' 

Found  ‘5k  N  14.29.  CJ9H22O5N4.  Calculated  ‘5k  N  14.50. 

Synthesis  of  4,4* -diamino-3,3* -dimethoxycarbanilide.  The  hydrolysis  of  4,4*-diacetamino-3,3*-dimethoxy 
carbanilide  proceeds  readily  in  a  mixture  of  equal  volumes  of  hydrochloric  acid  and  water  on  heating.  The  sub¬ 
stance  dissolves  completely  within  10-15  minutes,  and  tfie  cooled  solution  deposits  crystals  of  4,4* -diamino-3,3* - 
dimethoxycarbanilide  hydrochloride  in  the  form  of  colorless,  thin,  long  needles,  melting  at  228*  with  decompo¬ 
sition. 

0.2689  g:  14.32  ml  0.1  N  NaOH. 

Found;  equiv.  187.7.  Ci5Hig03N4*  2HC1.  Calculated:  equiv.  187.6. 

Addition  of  ammonia  to  a  warm  solution  of  the  hydrochloride  precipitates  the  free  base  in  the  form  of  col¬ 
orless,  fine  needles,  m.p.  191".  The  diamine  is  soluble  in  hot  methanol,  hot  ethanol,  acetone,  and  80<7o  acetic 
acid;  it  is  very  sparingly  soluble  in  boiling  benzene,  toluene,  carbon  tetrachloride,  and  boiling  water. 

0.1211  g:  19.5  ml  N2  (23",  744  mm  Hg). 

Found  ‘7o;  N  18.18.  Ci5Hi80,N4.  Calculated  N  18.54. 

Synthesis  of  4,4* -diacetamino -2,2* -dichloro-5, 5* -dimethoxycarbanilide.  The  starting  material  was  2- 
methoxy-5-chloroanlline;  this  was  acetylated  and  nitrated;  the  nitration  product  was  reduced  to  give  N* -acetyl 
2-methoxy-5-chloto-l,4-phenylenediamine,  which  had  m.p.  150-153"  after  recrystallization  from  water.  This 
compound  was  dissolved  in  water  and  a  stream  of  phosgene  was  passed  through  the  solution  at  35-40*.  This  gave 
4,4* -dlacetamino-2,2* -dichloro-5, 5* -dimethoxycarbanilide  in  the  form  of  an  almost  colorless  precipitate,  in 
81‘5fc  yield.  After  recrystallization  from  pyridine  it  melted  at  221.5-222.5". 

Synthesis  of  4,4* -diamino-2,2* -dichloro-5,5* -dimethoxycarbanilide.  For  hydrolysis  of  the  acetyl  groups, 
3.6  g  of  4,4* -diacetamino -2,2* -dichloro-5,5* -dimethoxycarbanilide  was  added  to  80  ml  of  20^ hydrochloric 
acid  and  the  mixture  was  boiled  for  10-15  minutes.  The  solution  was  filtered,  the  filtrate  was  warmed  with  char 
coal,  filtered  again,  and  the  free  base  was  precipitated  by  addition  of  ammonia  solution.  This  gave  about  2  g  of 
4,4* -diamino -2,2* -dichloro-5,5* -dimethoxycarbanilide,  insoluble  in  water,  benzene,  or  toluene;  it  is  sparingly 
soluble  in  boiling  methanol  and  ethanol  and  in  hot  acetone;  it  dissolves  in  80‘5'o  acetic  acid  and  in  pyridine;  it  is 
readily  soluble  in  dilute  hydrochloric  acid;  addition  of  ammonia  to  the  solution  precipitates  the  pure  diamine 
in  the  form  of  white  crystals  which  sublime  without  melting  at  315". 

0.0907  g:  11.99  ml  Nj  (24",  746  mm  Hg).  0.3068  g:  16.19  ml  0.1  N  NaNOj. 

Found  <70:  N  14.91;  equiv.  189.5.  CJ5H18OSN4CI2.  Calculated  ‘5k  N  15.09;  equiv.  185.6. 
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TABLE  2 

Hydrolysis  of  4,4'-Diacetaniino-3,3’-dlchlorocarbanilide 


Expt. 

No. 

Hydrolysis  conditions 

Hydrolyzed  0>  of  amount 
taken)  to 

concentrated 

sulfuric  acid 
(%) 

time  (min) 

temperature 

CO 

2 -ch  loro -1,4- 

phenylene- 

diamine 

4,4* -diamino- 
3, 3 '-dichloro¬ 
carbanilide 

1 

35 

240 

80 

2.0 

14.6 

2 

35 

240 

100 

38.9 

30.7 

3 

40 

35 

80 

1.3 

6.3 

4 

40 

35 

100 

6.4 

15.0 

5 

40 

35 

114 

21.6 

30.0 

6 

50 

240 

77 

6.0 

60.2 

7 

50 

420 

77 

8.9 

86.0 

Synthesis  of  4,4*-dianiinocarbanilide.  As  stated  above,  4,4’-diaminocarbanilide  has  been  prepared  by  fu¬ 
sion  of  N-acetyl-p-phenylenediamine  with  urea,  followed  by  saponification  [10],  by  the  reaction  of  p-phenyl- 
enediamine  with  urea  [11, 12, 13],  and  by  reduction  of  4,4’-dinitrocarbanilide.  We  prepared  4,4’-dlaminocar- 
banilide  by  phosgenadon  of  aminoazobenzene  followed  by  reducdon  of  the  bisazo  dye  formed. 

A  soludon  of  20  g  of  aminoazobenzene  in  200  ml  of  benzene  was  gradually  added  with  stirring  to  a  solu¬ 
tion  of  30  g  of  soda  in  600  ml  of  water  at  20-30°,  with  the  simultaneous  passage  of  a  stream  of  phosgene  during 
one  and  a  half  to  two  hours.  The  benzene  layer  was  then  separated,  the  benzene  was  distilled  off,  the  precipi¬ 
tated  yellow  bisazo  dye  was  filtered  off  and  washed  with  hot  alcohol.  The  yield  was  7  g  (32.77o  of  the  theoreti¬ 
cal),  m.p.  about  258“  with  decomposition. 

For  the  reduction,  a  suspension  of  3  g  of  the  bisazo  dye  in  100  ml  water  was  warmed  on  a  water  bath  for 
one  and  a  half  hours  with  stirring,  with  iron  filings  treated  with  acetic  acid.  After  an  hour  the  liquid  was  made 
alkaline,  the  aniline  was  distilled  in  steam,  and  the  liquid  was  filtered  while  hot.  The  filtrate  was  evaporated 
under  vacuum  to  ^4  of  its  volume,  when  4,4* -diaminocarbanilide  crystallized  out.  A  small  amount  was  also  ex¬ 
tracted  out  of  the  solid  phase  by  boiling  alcohol.  After  recrystallization  from  alcohol  in  presence  of  charcoal, 
the  diamine  was  obtained  in  the  form  of  almost  colorless  crystals,  the  yield  being  1.5  g  (87*70  of  the  theoretical): 
the  crystals  did  not  melt  when  heated  to  315*. 

Found  <7o:  N  22.96.  C13H14ON4.  Calculated  <7o:  N  23.13. 

If  4-amino-4’-sulfonazobenzene  is  used  instead  of  aminoazobenzene,  the  yield  in  the  phosgenation  reac¬ 
tion  is  increased  to  50*70^  and  the  process  can  be  carried  out  in  aqueous  solution. 

The  melting  points  of  the  compounds  were  determined  as  described  previously  [1]. 

SUMMARY 

1.  2-Methoxy-4-nitrophenyl  isocyanate  was  prepared  for  the  first  time,  and  used  for  the  synthesis  of  sym¬ 
metric  and  asymmetric  substitution  products  of  mono-  and  dinitrocarbanilides. 

The  following  compounds  were  prepared  for  the  first  time  by  phosgenation  of  N -acetyl  derivatives  of  p- 
phenylenediamine:  4,4*-diacetamino-3,3* -dichlorocarbanilide,  4,4* -diacetamino-3,3’-dimethoxycarbanilide, 
and  4,4*-diacetamino-2,2'-dichloro-5,5’-dimethoxycarbanilide. 

2.  The  three  corresponding  amines,  likewise  not  described  previously,  were  prepared  by  hydrolysis  of  the 
acetyl  groups. 

3.  4,4* -Diaminocarbanilide  was  synthesized  by  phosgenation  of  aminoazobenzene  and  reduction  of  tiie 
bisazo  dye  formed. 
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FILM  FORMERS  BASED  ON  VINYL  ESTERS  OF  FATTY  ACIDS 


V.V.  Korshak,  M.F.  Shosta  kovskii,  A. A.  Ivanova  and  N.A.  Gernshteln 


In  connection  with  the  utilization  of  Vegetable  oils  for  the  simultaneous  production  of  glycerol  and  fatty 
acids  it  is  desirable  to  seek  methods  for  the  synthesis  of  film  formers  based  on  the  fatty  acids. 

The  availability  of  large  amounts  of  fatty  acids  obtained  from  the  soap  stocks  in  oil  refining  likewise 
makes  research  in  this  direction  necessary. 

As  is  known,  fatty  acids  can  be  used  in  alkyd  coatings,  but  the  production  of  the  latter  is  restricted  by  the 
availability  of  phthalic  anhydride. 

One  of  the  most  effective  methods  for  the  production  of  film  formers  based  on  fatty  acids,  apart  from 
their  use  in  alkyd  coatings,  is  by  synthesis  of  their  vinyl  esters  followed  by  polymerization  or  copolymerizatioa 

Drying  products  with  valuable  film -forming  properties  have  been  obtained  in  this  way.  The  special  ad¬ 
vantage  of  this  method  is  the  saving  of  glycerol. 

It  is  known  that  the  products  formed  by  polymerization  of  unsaturated  compounds  have  high  resistance  to 
water  and  the  atmosphere  [1,  2],  which  is  essential  for  film  formers  used  in  coatings. 

The  synthesis  of  the  vinyl  esters  of  fatty  acids  was  effected  by  the  reaction  R-COOH  +  HC  =  CH  — >  CH^  = 

=  CH-O-C  ,  based  on  the  Favorskii-Shostakovsldi  reaction  [3,4]. 

^R 

The  special  tendency  of  vinyl  esters  to  polymerize  is  due  to  the  special  nature  of  the  group  containing  a 
double  bond  in  the  immediate  proximity  of  the  ester  oxygen.  Polymerization  of  vinyl  esters  gives  polymers  of 
the  following  chemical  structure: 


3CH2=CH 

I 

0 

I 

c=o 

I 

R 


-GHo— CH-GHo— CH— CH,-CH- 


I 

0 

I 

G=0 

1 

R 


O 

I 

G=0 

1 

R 


O 

I 

G=0 

I 

R 


Vinylation  of  the  acids  was  effected  with  the  aid  of  zinc  oxide,  which  gave  the  corresponding  salts  during 
the  reaction  itself,  previous  preparation  of  the  salts  being  unnecessary.  According  to  the  literature  [5-7],  the 
reaction  is  catalyzed  by  zinc  and  cadmium  salts  of  lower  organic  acids. 

The  catalyst  used  in  the  polymerization  of  the  vinyl  esters  was  benzoyl  peroxide,  which  has  been  recom¬ 
mended  by  many  authors  for  this  purpose  [8, 9], 

The  data  in  the  experimental  section  of  this  paper  show  that  our  vinyl  esters  give  good  yields  of  products 
suitable  for  the  formation  of  good -quality  film  formers. 
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EXPERIMENTAL 


The  method  described  by  one  of  the  present  authors  [4]  was  used  for  vinylation  of  fatty  acids  to  give  vinyl 
esters.  The  first  experiments  were  on  the  vinylation  of  oleic  acid;  these  were  followed  by  experiments  on  the 
vinylation  of  fatty  acids  isolated  from  cottonseed  oil. 

Vinylation  of  oleic  acid  and  polymerization  of  vinyl  oleate.  The  oleic  acid  used  for  vinylation  was  dis¬ 
tilled  at  204-208“  under  a  residual  pressure  of  5  mm;  it  had  the  following  constants;  d^®  0.8928,  np  L4640,  io¬ 
dine  number  92. 

These  constants  are  close  to  the  theoretically  calculated  values  or  literature  data  [10, 11]. 

The  oleic  acid  was  vinylated  in  an  autoclave  of  stainless  steel,  2.5  liters  in  capacity.  250  g  of  oleic  acid 
and  5  g  of  zinc  oxide  was  charged  into  the  apparatus.  Acetylene  was  admitted  in  portions  under  15-17  atmos 
pressure.  The  vinylation  was  effected  at  176“  for  11  hours  30  minutes.  The  amount  of  acetylene  absorbed  during 
the  vinylation  was  38.5  g,  or  15.5  g  more  than  the  theoretically  calculated  amount. 

The  total  yield  of  vinylation  products  was  248  g,  of  which  216.9  g  was  a  brown  mobile  liquid  and  31.2  g 
was  a  white  powder;  when  washed  with  acetone,  this  was  found  to  be  zinc  oleate. 

The  %  content  of  metal  in  the  powder  was  10.8%  by  analysis;  the  theoretical  content  of  zinc  in  zinc  ole¬ 
ate  is  10.4%. 

The  liquid  vinylation  product  had  the  following  constants  before  distillation:  dj®  0.8918,  n^  1.4690,  acid 
number  4.37,  iodine  number  120.  The  vinylation  product  boiled  180-184“  at  5  mm  (yield  67.9%),  dl®  1.4650, 
ng  1.4650. 

Vinyl  oleate  was  polymerized  in  sealed  tubes  filled  with  nitrogen,  air,  or  carbon  dioxide.  13.8  g  of  vinyl 
oleate  was  put  into  each  tube.  Some  of  the  experiments  were  carried  out  in  presence  of  0.25%  of  benzoyl  per¬ 
oxide. 

The  experimental  results  are  given  in  Table  1;  it  is  seen  that  benzoyl  peroxide  accelerates  polymeriza¬ 
tion  at  100-150”.  At  200“  the  results  of  the  polymerization  are  almost  the  same  in  presence  and  in  absence  of 
the  catalyst,  although  the  polymerization  is  accompanied  by  decomposition  processes,  as  shown  by  the  higher 
acid  numbers  of  the  polymerization  products.  At  100“  the  polymerization  of  vinyl  oleate  is  very  slow,  and  at¬ 
mospheric  oxygen  has  no  appreciable  influence  on  the  polymerization  rate. 

The  viscosity  and  molecular  weight  increase,  the  iodine  number  decreases,  and  the  acid  number  increases 
with  increase  of  the  reaction  temperature. 

The  sample  used  for  investigation  of  the  structure  of  vinyl  oleate  polymer  was  obtained  by  polymerization 
at  275“  for  eight  hours  without  catalyst;  the  physicochemical  properties  of  this  sample  are  given  in  Table  1. 

8.4  g  of  vinyl  oleate  polymer  was  dissolved  in  benzene;  free  acids  were  removed  from  the  polymer  by 
neutralization  of  the  benzene  solution  with  0.5  N  KOH  solution  with  K  =  1.1076.  Neutralization  of  the  free 
acids  required  37  ml,  corresponding  to  acid  number  144.  The  potassium  oleates  formed  by  neutralization  were 
dissolved  in  80  ml  of  water  to  isolate  them  from  the  benzene  solution;  10%  sulfuric  acid  solution  was  then  added 
to  isolate  the  free  acids. 

This  gave  5.24  g  of  free  acids,  found  by  analysis  to  have  molecular  weight  400.35  and  iodine  number  71.0. 

The  molecular  weight  shows  that  the  acids  consist  mainly  of  the  monomer  with  small  amounts  of  polymer¬ 
ic  products.  This  is  confirmed  by  the  iodine  number  which  indicates  that  the  free  acids  in  the  polymer  contain 
about  80%  of  oleic  acid.  After  the  free  acids  had  been  removed  from  the  benzene  solution,  the  vinyl  oleate 
polymer  was  saponified  with  alkali  for  determination  of  the  combined  acids.  The  benzene  solution  was  put  into 
a  round -bottomed  flask  fitted  with  a  reflux  condenser,  2  g  of  caustic  potash  dissolved  in  50  ml  of  alcohol  was 
added,  and  the  polymer  was  saponified  for  three  hours  on  a  boiling  water  bath.  This  gave  0.35  g  of  acids  and 
2.08  g  of  unsaponifiable  compounds,  with  molecular  weight  385.4,  iodine  number  (Hubl)  104.5,  hydroxyl  number 
41.4. 

On  the  assumption  that  the  unsaponifiable  compounds  consist  of  low-molecular  polyvinyl  alcohol  it  was 
possible  to  estimate  the  approximate  number  of  monomer  units  in  the  molecule  of  the  vinyl  oleate  polymer. 
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TABLE  1 


Polymerization  conditions  and 
polymer  properties 

Properties  of  vinyl  oleate  polymers 

Polymerization  time  (hours) 

0 

8 

8  ! 

32 

32 

8 

Temperature  (°C) 

- 

100 

100 

100 

100 

150 

Presence  or  absence  of  catalyst 

- 

+ 

- 

+ 

- 

+ 

Gas  in  tube 

- 

Nitrogen 

Nitrogen 

Nitrogen 

Air 

Nitrogen 

Sp.  gr.  at  20° 

0.8334 

0.8840 

0.8844 

0.8862 

0.8895 

0.8870 

Refractive  index  at  20° 

1.4652 

1.4632 

1.4632 

1.4632 

1.4632 

1.4632 

Acid  number 

4.75 

6.2 

6.25 

6.35 

8.17 

6.8 

Saponification  number 

222.5 

202.5 

201 

220 

222.5 

218 

Viscosity  in  centipoises 

0.04119 

0.04809 

0.04238 

0.04947 

0.05622 

0.05657 

Iodine  number  (Hubl) 

142.3 

144.6 

163 

156 

146.5 

145 

Molecular  weight  in  benzene 

307.68 

338.75 

308.5 

353.75 

316.8 

352.0 

Polymerization  time  (hours) 

8 

8 

8 

0 

2 

4 

Temperature  (°C) 

150 

200 

200 

- 

250 

250 

Presence  or  absence  of  catalyst 

- 

+ 

- 

- 

+ 

+ 

Gas  in  tube 

Nitrogen 

Nitrogen 

Nitrogen 

- 

Carbon 

Carbon 

dioxide 

dioxide 

Sp.  gr.  at  20° 

0.8834 

0.8896 

0.8828 

0.9000 

0.9083 

Refractive  index  at  20° 

1.4632 

1.4652 

1.4652 

1.4650 

1.4722 

1.4748 

Acid  number 

6.57 

13.65 

16.45 

5.5 

22.25 

56.3 

Saponification  number 

219 

218 

218 

233 

197.5 

212.5 

Viscosity  in  centipoises 

0.052725 

0.07466 

0.07288 

0.04519 

0.1204 

0.2926 

Iodine  number  (Hubl) 

154 

134 

131.6 

117.7 

93.25 

77.6 

(Hanns) 

Molecular  weight  in  benzene 

334.5 

392.5 

383.0 

303.15 

293.5 

313.75 

Polymerization  time  (hours) 

1 _ 8 _ 1 

_ 2 _ 1 

4 

8 

8 

Temperature  (°C) 

250 

275 

275 

275 

275 

Presence  or  absence  of  catalyst 

+ 

+ 

+ 

+ 

- 

Gas  in  tube 

Carbon 

Carbon 

Carbon 

Carbon 

Carbon 

dioxide 

dioxide 

dioxide 

dioxide 

dioxide 

Sp.  gr.  at  20° 

0.9169 

0.9133 

0.9787 

0.9124 

0.9230 

Refractive  index  at  20° 

1.4781 

1.4782 

1.4802 

1.4825 

1.4825 

Acid  number 

95.6 

95.0 

117.25 

140.0 

139.25 

Saponification  number 

195 

194 

170.25 

155.6 

161.5 

Viscosity  in  centipoises 

0.5301 

0.5877 

0.7307 

1.2858 

1.0798 

Iodine  number  (Hubl) 

64.85 

73.75 

67.85 

68.9 

61.0 

Molecular  weight  in  benzene 

33.75 

583.45 

522.15 

612.6 

416.6 

Calculation  showed  that  the  polymer  may  contain  about  nine  such  units.  The  lower  molecular  weight  of  the 
polymer  may  be  attributed  to  the  influence  of  the  free  acids  present  in  it.  The  iodine  number  of  the  unsaponi- 
fiable  portion  of  the  polymer  indicates  the  presence  of  active  vinyl  groups  capable  of  further  polymerization. 

To  determine  the  effect  of  degree  of  polymerization  of  polyvinyl  oleate  on  its  drying  rate,  vinyl  oleate  was 
polymerized  and  the  film -forming  properties  of  the  polymers  formed  at  various  stages  of  the  polymerization 
were  determined.  For  this  purpose  12.2  g  of  vinyl  oleate  (b.p.  204-206°)  and  0.0305  g  of  benzoyl  peroxide  (0.25*70 
calculated  on  vinyl  oleate)  was  put  into  a  Favorskii  flask.  The  flask  was  evacuated  (down  to  70-80  mm).  The 
polymerization  was  continued  for  104  hours  at  200°.  The  viscosity,  acid  number,  and  drying  rate  of  the  polymer 
were  determined  at  definite  intervals.  After  80  hours  the  viscosity  of  the  polymer  became  very  high,  and  could 
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not  be  determined  by  the  pipet  method  without  the  use  of  a  solvent.  No  condensation  of  volatile  products  in  the 
receiver  was  observed  during  the  polymerization.  For  determination  of  the  drying  rate,  the  polymer  was  dis¬ 
solved  in  white  spirit  (1:1)  with  10<yoof  64b  siccative  (calculated  on  the  polymer)  added. 

The  viscosities,  acid  numbers,  and  drying  rates  are  given  in  Table  2. 

It  follows  from  the  data  in  Table  2  that  the  polymer  only  begins  to  show  a  tendency  to  film  formation 
when  its  viscosity  has  increased  250-fold  as  compared  with  the  initial  vinyl  oleate,  despite  the  increasing  con¬ 
tents  of  free  acids  in  the  polymer.  The  drying  rate  of  the  polymers  increases  with  increasing  degree  of  polymer¬ 
ization.  The  highest  drying  rate  was  found  for  the  polymer  formed  after  104  hours  of  polymerization;  this  was 
a  very  viscous  product  with  molecular  weight  1035.0  and  iodine  number  70.25. 

The  study  of  the  synthesis  and  polymerization  of  vinyl  oleate  provided  a  basis  for  the  development  of  a 
method  for  the  production  of  film  formers  based  on  cottonseed  fatty  acids,  by  vinylation  of  these  acids  and  co¬ 
polymerization  of  the  vinyl  esters  with  tung  oil. 


TABLE  2 

Effect  of  Degree  of  Polymerization  of  Vinyl  Oleate  on  its  Drying  Rate 


Properties  of  polyvinyl  oleate 

Polymerization  time  (hours) 

0 

40 

48 

64 

80 

96 

104 

Viscosity  in  seconds  by  pipet 

method  (1  mm) 

2.4 

51 

90 

180 

600 

- 

Acid  number 

5.86 

32 

33 

44 

55 

- 

56.6 

Drying  (dust)  (hours) 

Did  not  dry 

24 

24 

24 

Complete  drying  (hours) 

Did  not  dry 

96 

48 

48 

Synthesis  of  the  vinyl  esters  of  cottonseed  fatty  acids,  and  their  copolymerization  with  tung  oil.  Fatty 
acids  from  cottonseed  oil,  which  belongs  to  the  group  of  oils  with  the  lowest  tendency  to  drying,  were  used  for 
the  vinylation.  2^o  of  zinc  oxide  (on  the  weight  of  the  acids)  was  added  to  the  acids  before  vinylation,  and  the 
mixture  was  heated  at  160*  until  the  zinc  oxide  was  completely  dissolved.  The  acid  number  of  the  acid  mixture 
with  the  catalyst  was  173.  A  stainless  steel  autoclave,  2.5  liters  in  capacity,  was  charged  with  250  g  of  the  mix¬ 
ture  of  the  acids  and  catalyst.  The  vinylation  was  carried  out  at  180*  under  14-15  atmos  acetylene  pressure  for 
16  hours  30  minutes,  until  absorption  of  acetylene  ceased.  As  the  result  of  the  vinylation  38  g  of  acetylene  was 
absorbed,  and  288  g  of  product  was  formed,  corresponding  to  106.7*51)  yield  (calculated  for  the  absorption  of  the 
theoretical  quantity  of  acetylene).  The  acid  number  of  the  vinylation  product  was  14.  After  separation  of  the 
catalyst  in  the  form  of  a  precipitate  (66.5  g)  from  the  vinylation  product,  221.5  g  of  vinyl  esters  with  acid  num¬ 
ber  7.69  was  obtained. 

In  view  of  the  great  tendency  of  the  vinyl  esters  of  oleic  acid,  and  therefore  of  other  fatty  acids, to  decom¬ 
pose  during  polymerization,  we  copolymerized  the  vinyl  esters  of  cottonseed  oil  fatty  acids  with  tung  oil,  as  co¬ 
polymerization  takes  place  at  lower  temperatures.  The  hydrolytic  decomposition  of  the  vinyl  esters  occurs  to  a 
smaller  extent  at  these  lower  temperatures  than  at  the  higher  temperatures  required  for  polymerization  of  the 
esters.  221.5  g  (85*70)  of  the  vinyl  esters  was  heated  with  39  g  (IS^o)  of  tung  oil  at  150*  for  seven  hours.  The 
weight  of  the  substance  after  the  reaction  was  257.5  g,  or  99‘5l>.  The  copolymer  had  the  following  constants:  io¬ 
dine  number  121,  viscosity  at  20*  by  the  VZ-4  method  1.29',  acid  number  10.9. 

To  test  the  drying  and  other  film -forming  properties,  the  copolymerization  product  was  mixed  with  907o 
of  white  spirit  and  5^9  of  siccative  No.  7640;  the  viscosity  of  the  [voduct  was  25"  by  the  VZ-4  method  at  20*. 
This  drying  oil  was  used  for  the  preparation  of  a  paint  with  iron  ocher  in  1:1  ratio.  The  results  of  accelerated 
tests  of  this  paint  and  a  paint  based  on  natural  drying  oil  are  given  in  Table  3. 

The  results  of  physical  and  mechanical  tests  and  of  Weatherometer  tests  on  paint  films  based  on  copoly¬ 
mers  of  vinyl  esters  with  tung  oil  were  no  worse  than  the  results  for  films  based  on  natural  drying  oil.  Similar 
results  were  obtained  in  several  parallel  experiments. 


1439 


TABLE  3 


Tests  of  a  Drying  Oil  and  a  Paint  with  Iron  Ocher.  Based  on  Copotymers  of 
Vinyl  Esters  with  Tung  Oil 


Characteristics  of  paints 

Copolymer 
film  former 

Paint  based 
on  copolymer 

Paint  based  on 
natural  drying 
oil 

Drying  (hours) 
dust 

11 

8 

complete 

24 

24 

24 

Film  hardness 

- 

35 

30 

Impact  strength  by  U-1  in¬ 
strument  (in  kg/cm) 

50 

50 

50 

Ditto,  film  heated  at  60*  for 
120  hours 

50 

50 

50 

Elasticity  of  film  in  press  (E) 

6 

6 

4 

Ditto,  film  heated  at  60*  for 
120  hours 

6 

6 

4.4 

Tensile  strength,  NILK  (Sci. 
Res.  Inst.  Lacquers  and 
Paints)  scale 

1 

1 

1 

Ditto,  film  heated  at  60*  for 
120  hours 

1 

1 

1 

State  of  film  (in  points)  after 
Weatherometer  tests 

— 

8  after  475 

8  after  408 

hours 

hours 

SUMMARY 

1.  A  new  method  for  the  production  of  film  formers  is  described;  it  consists  of  copolymerization  of  vinyl 
esters  of  higher  fatty  acids  with  other  unsaturated  compounds. 

2.  A  study  of  the  properties  of  the  vinyl  esters  of  fatty  acids  showed  that  they  have  a  strong  tendency  to 
decompose  when  heated  at  high  temperatures. 

3.  A  drying  product  with  a  low  content  of  free  fatty  acids  can  only  be  obtained  from  the  vinyl  esters  by 
polymerization  with  tung  oil(15<7o),  as  copolymerization  occurs  at  lower  temperatures  than  polymerization. 

4.  The  method  developed  for  the  synthesis  of  film  formers  by  vinylation  of  fatty  acids  provided  the  basis 
for  a  practical  process  for  the  copolymerization  of  vinyl  esters  of  higher  fatty  acids  with  tung  oil  to  give  a  prod¬ 
uct  which,  like  linseed  oil,  dries  only  on  addition  of  a  siccative. 

5.  Paints  of  satisfactory  quality  are  obtained  on  the  basis  of  copolymers  of  vinyl  esters  of  fatty  acids  with 
tung  oil;  the  synthetic  film  former  can  therefore  be  considered  suitable  for  use  in  paints  which  may  replace  oil 
paints. 
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PREPARATION  OF  8  -  METH  Y  LT  H  EOBROMI NE 


E.S.  Golovchinskaia 


The  synthesis  of  a  group  of  purine  alkaloids  -  caffeine,  theobromine,  and  theophylline  -  from  uric  acid 
was  first  described  by  the  Boehringer  Company  at  the  beginning  of  the  present  century  [1].  A  common  stage  in 
the  synthesis  of  all  these  substances  is  the  formation  of  8-methylxanthine  (I).  Methylation  of  8-methylxanthine 
gives,  according  to  the  reaction  conditions,  either  methylcaffeine  (1,3,7,8-tetramethylxanthine)  or  8 -methyl- 
theobromine  (3,7,8 -trimediylxanthine)  (II).  The  latter,  by  removal  of  the  methyl  group  in  the  8-position,  is 
converted  into  theobromine  (3,7-dimethylxanthine)  (III); 


1  0 

HN — G(/  IIN— CO 

I  I  7  II 

2CO  5C-NH  s - ^  CO  C-NC,U, 

I  II  >«'«»  I  II 

HN  C  N  H  CN-C— N 

3  4  9 

1  II 


HN— CO 

I  I 

CO  C— NCHa 

I  II  >CII 

H3CN— C— N 

in 


The  most  difficult  step  in  the  conversion  of  8-methylxanthine  into  theobromine  (I  — >  III)  is  the  formation 
of  8-methyltheobromine,  i.e.,  the  methylation  reaction.  This  reaction  essentially  consists  of  the  replacement 
of  two  hydrogen  atoms,  linked  to  the  cyclic  nitrogens  in  the  3-  and  7 -positions,  by  methyl  groups.  The  intro¬ 
duction  of  one  or  two  methyl  groups  into  the  molecule  of  xanthine  or  its  derivatives  substituted  in  the  8 -position 
(including  8-methylxanthine)  is  a  much  more  difficult  problem  than  the  replacement,  by  methyl  groups,  of  all 
three  mobile  hydrogens  linked  with  nitrogen  atoms  in  the  xanthine  molecule.  The  latter  reaction  proceeds  rela¬ 
tively  easily  at  room  temperature  in  aqueous  alkali  under  the  action  of  excess  dimethyl  sulfate,  whereas  meth¬ 
ylation  of  xanthines  under  the  same  conditions,  but  with  the  calculated  amounts  of  dimethyl  sulfate  (one  or  two 
moles),  always  gave,  instead  of  the  corresponding  mono  (3-)  or  (3,7)-methyl  xanthines,  complex  4-component 
mixtures  which  are  difficult  to  separate.*  In  the  case  of  the  methylation  of  8-methylxanthine  these  mixtures 
consisted  of  8-methyltheobromine  (II),  two  incompletely  methylated  substances  [3,8-dimethylxanthine  (IV)  and 
the  original  8-methylxanthine  (I)],  and  a  considerable  amount  of  methylcaffeine  (V). 


H3CN-CO 

I  I 
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•The  presence  of  at  least  one  methyl  group  linked  to  nitrogen  in  the  molecule  makes  further  methylation  con¬ 
siderably  easier:  this  enabled  Gepner  [2]  to  obtain  theobromine  from  3-methylxanthine  in  aqueous  alkali  by  the 
action  of  1  mole  of  dimethyl  sulfate. 
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The  only  method  for  the  production  of  theobromine  from  unsubstituted  xanthine  in  aqueous  alkali  to  be 
found  in  the  literature  was  described  by  Bredereck  [3]  in  1950.  Attempts  to  prepare  8-methyltheobromine  in 
the  reaction  conditions  described  by  these  authors  proved  unsuccessful. 

The  patent  literature  contains  descriptions  of  the  preparation  of  8-methyltheobromine  by  the  action  of 
heat  on  the  dry  disodium  (3,7-)  salt  of  8-methylxanthine  with  methyl  iodide  in  ether  [4],  or  of  the  dipotassium 
salt  with  methyl  chloride  in  xylene  [5].  In  1944  the  author  of  the  present  paper  described  a  modified  method 
for  the  preparation  of  8-methyltheobromine;  in  this  method  the  dipotassium  salt  of  8-methylxanthine  is  heated 
with  the  methyl  ester  of  p-toluenesulfonic  acid  at  220-230“  [6].  Thus,  all  the  proposed  methods  for  the  prepara¬ 
tion  of  8-methyltheobromine  are  based  on  the  methylation  of  dry  bimetallic  salts  of  8-methylxanthine,  in  which 
the  position  of  the  metal  predetermined  the  positions  of  the  methyl  groups  entering  the  molecule.  These  meth¬ 
ylation  conditions  made  the  whole  synthesis  of  theobromine  from  uric  acid  complex  and  costly,  as  they  involved 
an  additional  stage  -  the  preparation  of  the  dry  salt  of  8-methylxanthine  -  and  also  required  the  use  of  hot  sol¬ 
vents  and  the  heating  of  the  reaction  mass  at  high  temperatures.  This  led  to  searches  for  a  method  for  the  pre¬ 
paration  of  8-methyltheobromine  from  8-methylxanthine  under  conditions  similar  to  those  used  in  the  prepara¬ 
tion  of  methylcaffeine,  i.e.,  by  the  action  of  dimethyl  sulfate  in  aqueous  alkali  [7]. 

Despite  the  difficulties  of  this  task,  evidenced  by  all  the  available  experience  in  the  literature  on  die 
course  of  these  reactions  in  the  xanthine  series,  the  development  of  a  method  for  the  partial  methylation  of  8- 
methylxanthine  in  aqueous  alkali  seemed  quite  feasible.  The  primary  reason  for  this  belief  was  the  now  firmly 
established  nonequivalence  of  the  three  mobile  hydrogen  atoms  linked  to  the  nitrogens  of  the  xanthine  ring.  A 
number  of  workers  (Biltz  [8],  Cavalieri  et  al.  [9],  and  Bergmann  and  Dikstein  [10])  showed,  as  the  result  of  in¬ 
vestigations  of  the  methylation  of  xanthine  and  studies  of  the  spectra  of  aqueous  solutions  of  various  methylated 
xanthines  in  relation  to  the  pH,  that  the  three  mobile  hydrogens  in  the  xanthine  molecule  differ  in  acidity,  and 
form  the  following  sequence  in  this  respect:  3  >  7  >  1.  It  follows  from  the  analogy  between  the  properties  of 
unsubstituted  xanthine  and  8-methylxanthine  that  the  hydrogen  in  position  1  in  8-methylxanthine  also  dissociated 
least  easily;  therefore  its  replacement  by  a  methyl  group  requires  a  higher  pH  than  the  replacement  of  the  other 
two  hydrogen  atoms  (in  positions  3  and  7).  The  differences  in  the  degree  of  dissociation  of  the  three  mobile  hy¬ 
drogens  in  the  xanthine  molecule  confirmed  the  probability  of  preferential  formation  of  8-methyltheobromine 
from  8-methylxanthine  at  fairly  low  pH,  i.e.,  under  conditions  when  the  hydrogen  in  position  1  is  incapable  of 
salt  formation. 

As  the  result  of  a  large  number  of  experiments  on  the  methylation  of  8-methylxanthine  under  different 
conditions  it  was  found  that  it  is  possible  to  obtain  approximately  equal  amounts  of  8-methyltheobromine  and 
methylcaffeine  simultaneously.  This  was  effected  by  the  addition  of  1.9  moles  of  dimethyl  sulfate  to  a  heated 
solution  of  8-methylxanthine  in  1.9  moles  of  dilute  alkali.  A  neutral  reaction  was  established  in  the  reaction 
medium,  and  the  subsequent  methylation  was  continued  at  low  pH.  This  was  done  by  simultaneous  and  regular 
addition  of  equimolar  amounts  (0.6  mole  of  each)  of  concentrated  alkali  and  of  dimethyl  sulfate  at  the  same 
temperature.  The  8-methyltheobromine  which  separated  out  was  separated  by  filtration  and  crystallization  from 
water,  while  the  more  soluble  methylcaffeine  which  remained  in  the  filtrate  was  extracted  with  chloroform.  The 
total  yield  of  8-methyltheobromine  and  methylcaffeine  could  not  be  raised  above  45-50%  by  variations  of  the 
amounts  of  alkali  or  dimethyl  sulfate,  procedure  for  the  addition  of  the  latter,  or  the  reaction  time  and  temper¬ 
ature;  this  is  probably  because  the  formation  of  3,8-dimethylxanthine  is  inevitable  under  these  conditions. 

A  considerable  change  of  the  methylation  results  was  achieved  when  the  reaction  was  carried  out  in  two 
stages.  At  the  first  stage,  which  is  carried  out  at  elevated  temperatures  and  (after  disappearance  of  the  initial 
alkaline  reaction)  at  pH  6. 2-6.5,  8-methyltheobromine  is  predominantly  formed.  The  8-methyltheobromine 
crystallizes  out  because  of  its  relatively  low  solubility  in  water.  This  is  filtered  off,  and  the  filtrate,  which  con¬ 
tains  small  amounts  of  methylated  compounds  -  methylcaffeine  and  3,8-dimethylxanthine  -  formed  in  the  meth¬ 
ylation  process,  and  also  some  of  the  8-methyltheobromine  remaining  in  solution,  is  additionally  methylated  at 
higher  pH  (above  8),  but  at  a  temperature  not  above  20“.  In  this  second  stage  methylcaffeine  is  formed  from 
all  the  derivatives  of  8 -methylcaffeine  remaining  in  the  filtrate.  Methylcaffeine  begins  to  separate  out  of  the 
solution  even  during  the  methylation,  but  it  crystallizes  out  mote  completely  after  completion  of  the  reaction 
on  prolonged  cooling  of  the  reaction  mass  (below  8“). 

The  optimum  reaction  conditions  were  determined  as  the  result  of  a  large  number  of  experiments.  In  par¬ 
ticular,  it  was  found  that  the  first  stage  of  the  reaction  should  be  earned  out  at  60“.  A  decrease  of  the  reaction 
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temperature  to  40"  resulted  in  an  appreciably  lower  yield,  whereas  stronger  heating  (to  70-75")  had  less  influence 
on  the  result  of  the  reaction.  An  increase  of  the  pH  to  8-8.5  in  the  first  stage  of  the  reaction  also  decreased  the 
yield  of  8-methyltheobromine  with  a  corresponding  increase  of  the  yield  of  methylcaffeine. 


In  addition,  the  advantage  of  isolation  of  the  dipotassium  salt  of  8-methylxanthine  from  solution  in  aqueous 
alkali  by  addition  of  alcohol,  followed  by  methylation  of  the  crystallized  salt  in  the  form  of  a  suspension,  was  in¬ 
vestigated.  During  the  first  addition  of  dimethyl  sulfate  (before  the  disappearance  of  the  alkaline  reaction)  the 
salt  dissolved,  and  the  methylation  was  then  continued  as  described  above,  i.e.,  at  the  same  temperature  and  at 
low  pH. 

It  was  found  that  this  reaction  procedure  does  not  have  any  appreciable  advantages,  as  the  methylation 
also  proceeds  successfully  in  solution;  therefore  the  addition  of  alcohol  or  other  organic  solvent  to  the  original 
alkaline  solution,  in  order  to  suppress  hydrolysis  of  the  salt  of  8-methylxanthine  and  to  isolate  it  from  solution, 
was  superfluous. 

The  total  yield  of  pure*  8-methyltheobromine,  crystallized  from  water,  and  of  methylcaffeine  conform¬ 
ing  to  the  requirements  of  the  State  Pharmacopeia,  was  64-67*70  of  the  theoretical.  This  was  almost  the  same 
as  the  maximum  yield  in  the  preparation  of  methylcaffeine  by  the  analogous  reaction,  and  was  not  less  than  the 
aggregate  yield  of  8-methyltheobromine  and  methylcaffeine  (51.1*70  +  12.5*7o)  obtained  by  the  previously -devel¬ 
oped  method  of  methylation  of  the  dry  K  salt  of  8-methylxanthine  in  dichlorotoluene  at  a  high  temperature 
[6,11,12]. 

The  above  method  for  the  preparation  of  8-methyltheobromine  ensures  complete  separation  of  the  meth¬ 
ylation  products  isolated  from  the  reaction,  without  any  additional  operations,  as  the  separation  is  effected  com¬ 
pletely  in  the  course  of  the  process  itself. 

EXPERIMENTAL 

1.  66.4  g  of  90*7o  8-methylxanthine  (equivalent  to  59.76  g  of  the  lOO^o  compound)**  was  dissolved  at  60" 
in  450  ml  of  6*7o  caustic  soda.  To  the  stirred  solution  70  ml  of  dimethyl  sulfate  was  added  during  one  hour.  At 
the  end  of  the  addition  of  dimethyl  sulfate  the  reaction  mass  had  a  weak  acid  reaction  (paper  impregnated  with 
bromothymol  blue  was  turned  pale  green).  16  ml  of  42*70  caustic  soda  solution  and  28  ml  of  dimethyl  sulfate 
were  added  simultaneously  and  uniformly  during  one  hour  at  the  same  temperature  (60")  and  the  same  pH  of  the 
medium  (pale  green  color  of  bromothymol  blue).  The  mixture  was  stirred  at  the  same  temperature  for  one  hour 
more,  the  crystallized  reaction  mass  was  filtered,  and  the  8-methyltheobromine  formed  was  crystallized  from 
600  ml  of  water  with  charcoal.  The  weight  of  the  crystalline  methyltheobromine  was  20.05  g,  or  28.7<7o  of  the 
theoretical. 

15  ml  of  dimethyl  sulfate  was  added  immediately  to  the  filtrate  from  the  crude  methyltheobromine. 

About  10  ml  of  42*7o  caustic  soda  solution  was  added  to  the  mixture  with  vigorous  stirring  during  two  to  three 
hours,  to  maintain  the  reaction  medium  weakly  alkaline  (pale  pink  color  with  phenolphthalein).  The  tempera¬ 
ture  was  18-20".  The  mixture  was  stirred  for  one  to  two  hours,  heated  at  90-95"  with  charcoal,  and  filtered;  the 
filtrate  was  cooled  and  kept  below  8"  for  at  least  eight  hours;  the  methylcaffeine  was  separated  off  by  suction 
and  crystallized  from  water.  The  yield  of  methylcaffeine  was  28.7  g,  or  38.3*7oof  the  theoretical***;  m.p. 
210-212".  The  aggregate  yield  of  8-methyltheobromine  and  8 -methylcaffeine  was  67*70  of  the  theoretical. 

2.  66.4  g  of  85-53*70  8-methylxanthine  (or  56.8  g  of  100*7o  compound)  was  heated  to  60"  in  600  ml  of  1.57  N 
caustic  potash  solution.  72  ml  of  dimethyl  sulfate  was  added  at  this  temperature  during  one  hour  (bromothymol 
blue  colored  pale  green),  followed  (at  the  same  pH)  by  the  addition,  during  one  hour,  of  24  ml  of  dimethyl  sul¬ 
fate  and  13  ml  of  46.8*7o  caustic  potash  solution.  After  one  hour  at  60"  8-methyltheobromine  was  separated  off 
and  crystallized  from  600  ml  of  water  with  charcoal.  The  yield  of  crystalline  theobromine  was  17.5  g,  or  26.2 
ml  of  the  theoretical. 


*The  preparation  of  a  product  free  from  other  methylated  xanthines  was  a  fairly  difficult  task. 

**A11  the  experiments  were  performed  with  crude  technical  8-methylxanthine  directly  isolated  from  the  re¬ 
action  of  uric  acid  with  acetic  anhydride  [13]. 

***Some  more  methylcaffeine  can  be  extracted  with  chloroform  or  dichloroethane  from  the  mother  liquor 
after  separation  of  the  crude  methylcaffeine. 
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The  filtrate  after  separation  of  S-methyltheobroniine  was  methylated,  as  in  the  previous  instance,  with 
16  ml  of  dimethylsulfate  and  12  ml  of  46.8*70  caustic  potash  solution  (phenolphthalein  paper  was  colored  pink). 
The  temperature  was  18-20*.  The  yield  of  crystalline  methylcaffeine  of  pharmacopeia  quality,  m.p.  210-212*, 
was  26.7  g,  or  37.6*70  of  the  theoreticaL 

The  aggregate  yield  of  8-methyltheobromine  and  methylcaffeine  was  63.8*7>  of  the  theoretical. 

SUMMARY 

A  method  has  been  found  for  the  methylation  of  8-methylxanthine  widi  dimettiyl  sulfate  in  aqueous  al- 
kaU,  whereby  8-methyltheobromine  and  methylcaffeine  can  be  obtained  in  a  single  process.  The  basis  of  the 
method  is  that  the  methylation  reaction  is  performed  in  two  stages:  at  the  first  suge,  at  pH  =  6.2-6.5,  8-meth- 
yltheobromine  is  formed  and  is  crystallized  out  of  the  reaction  mass;  in  the  second  stage  methylcaffeine  is  ob¬ 
tained  at  higher  pH  (8-8.5). 
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BRIEF  COMMUNICATIONS 


CRYSTALLIZATION  OF  POTASSIUM  CHLORIDE  FROM  KAINITE  LIQUORS 

M.E.  Pozin  and  M.I.  Muratova 
The  Lensoviet  Technological  Institute,  Leningrad 


The  conversion  of  potassium  sulfate  deposits  from  the  Carpathian  mines  into  high-quality  potash  fertilizers 
involves  considerable  difficulties  due  to  the  multimineral  nature  of  this  raw  material.  The  potassium  minerals  - 
sylvine,  kainite,  langbeinite,  picromerite,  and  polyhalite  -  present  in  the  material  have  different  solubilities, 
which  makes  it  difficult  to  separate  them  from  the  nonpotassium  components  -NaCl  and  magnesium  salts. 

The  technological  scheme  for  the  conversion  of  these  deposits,  developed  by  the  Halurgy  Institute  (VNIIG) 
[1]  involves  a  combination  of  chemical  and  nonchemical  methods  (flotation,  separation  in  heavy  suspensions) 
and  the  production  of  three  types  of  potash  fertilizers;  potassium  sulfate  (50-54*70  K2O),  potash -magnesia,  dried 
schoenite  (30-31*70  K2O)  and  langbeinite  flotation  concentrate  (17*7o  K2O). 

If  the  material  has  a  high  content  of  sylvine,  and  the  amount  of  magnesium  sulfate  is  insufficient  for  con¬ 
version  of  all  the  KCl  into  K2SQ4,  chloride -free  potash  fertilizers  can  only  be  obtained  after  preliminary  crystal¬ 
lization  of  part  of  the  KCl  from  the  liquors  formed  in  the  process,  in  the  form  of  a  mixture  of  KCl  and  NaCl. 

The  mixture  of  KCl  and  NaCl  is  crystallized  from  clarified  kainite  liquor  obtained  by  dissolution  of  the 
native  material  in  recycled  liquor. 

Kainite  liquor  is  always  saturated  with  NaCl,  at  the  dissolution  temperature  it  is  close  to  saturation  with 
KCl  and  MgS04,  and  contains  considerable  amounts  of  MgCl2. 

The  composition  of  such  liquor  (saturated  with  NaCl)  in  the  phase  diagram  lies  in  the  crystallization  field 
of  glaserite  (Na2S04*  2K2SO4),  but  it  has  been  shown  by  Langhauer  [2,3]  that  when  it  is  cooled  under  vacuum  a 
mixture  of  NaCl  and  KCl  crystallizes  first.  Consequently,  the  crystallization  of  KCl  occurs  in  a  metastable  sys¬ 
tem. 

It  has  been  shown  [4,  5,  6]  that  fairly  persistent  metastable  equilibria  may  exist  in  the  five -component  sys¬ 
tem  Na'*',  K'*’,  Mg*'*’  I ISO4’,  cr  “H2O.  Such  equilibria,  which  arise  in  the  crystallization  region  of  double  sul¬ 
fates  of  potassium  and  magnesium,  KCl,  and  glaserite,  were  studied  by  D'Ans  [5],  who  determined  the  metastable 
boundaries  of  crystallization  of  KCl  and  schoenite  at  25  and  35*.  It  follows  from  these  investigations  that  for 
some  time  only  chlorides  crystallize  out  of  the  metastable  solutions,  as  generally  KCl  and  NaCl  are  not  involved 
in  slowly -establishing  equilibria  [7,  8]  and  are  rapidly  separated  out  in  the  solid  phase,  while  sulfates  are  often 
involved  in  equilibria  which  are  established  very  slowly.  Because  of  this  it  is  possible  to  bring  about  preliminary 
crystallization  of  a  mixture  of  KCl  and  NaCl  without  sulfates  by  the  cooling  of  metastable  solutions  saturated 
with  chlorides  and  sulfates. 

The  results  of  a  study  of  the  conditions  for  the  crystallization  of  chloride  mixtures  from  metastable  kainite 
liquors  are  briefly  presented  in  this  paper.  The  effects  of  the  cooling  time  of  kainite  liquor,  and  the  temperature 
drop  during  the  cooling,  on  the  composition  of  the  solid  phase  was  studied. 

•  EXPERIMENTAL 

KCl  was  crystallized  out  of  synthetic  kainite  liquors  made  by  solution  of  the  chemically  pure  salts  —  KCl, 
K2SO4,  MgS04' 7H2O  -  at  70"  in  magnesium  chloride  solution.  The  liquor  was  saturated  with  common  salt  at  70* 
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over  a  period  of  30  minutes.  The  liquor  was  filtered  through  a  heated  funnel  to  remove  excess  salts,  and  kept 
in  a  thermostat. 

The  vacuum  cooling  of  the  liquor  was  performed  in  a  we  11 -insula ted  evaporator  under  650-720  mm  Hg 
vacuum. 

The  amounts  of  liquors,  solid  phase,  and  evaporated  water  were  determined  by  weighing  on  a  technical 
balance.  The  chemical  composition  was  determined  by  analysis,  and  the  mineral  composition  of  the  solid 
phase  was  established  by  immersion  microscopy. 


A 


Fig.  1.  Contents  of  KjO  in  solid  phases 
formed  after  different  cooling  times:  A) 
K2O  in  solid  phase  (%);  B)  cooling  time 
(minutes).  The  numbers  on  the  curves 
correspond  to  the  numbers  of  the  kainite 
liquors  (see  Table  1,  Column  3). 


A 


Fig.  2.  Extraction  of  potassium  in  the  form 
of  KCl  from  the  liquor,  at  different  cooling 
temperatures:  A)  degree  of  extraction  of 
potassium  C^o):  B)  cooling  temperature  of 
the  liquor  (”C).  The  numbers  on  the  curves 
correspond  to  the  numbers  of  the  original 
liquors  (see  Table  2.  Column  2). 


Since  KCl  crystallized  out  of  metastable  solutions, 
the  composition  of  the  solid  phase  formed  must  depend 
on  the  duration  of  cooling. 


To  investigate  this  relationship,  the  kainite  liquors  were  cooled  to  a  given  final  temperature  over  differ¬ 
ent  time  intervals,  15,  30,  45,  60  and  75  minutes.  Liquors  of  different  compositions  were  cooled.  The  composi¬ 
tions  of  these  liquors  and  of  the  solid  phases  formed  are  given  in  Table  1. 

The  compositions  of  the  liquors  are  given  in  terms  of  the  following  indices: 


,  _ _  £  eq,  SOi 

X  —  Index  SO4  =  - -* - * 


L  eq.(K2+  Mg) 


y-  Index  Mg  =  ^  eq»  Mg  , 

'  ®  E  eq,  (Kj  +  M^ 


n  -  Index  Na*  = 


E  eq.  Nag 


E  eq,(  Kj  +  Mg)’ 


E  eq.  HjO 

w  —  Water  content  of  liquor  =  -= - -pr. - ry-r  • 

E  eq,  (K2  +  Mg) 


The  effect  of  cooling  time  on  the  composition  of  the  solid  phase  is  shown  graphically  in  Figure  1. 

If  the  cooling  time  did  not  exceed  45  minutes,  no  solid  phases  containing  schoenite  or  odier  sulfates  were 
formed  in  any  of  the  experiments.  If  tiie  cooling  time  exceeded  45  minutes,  schoenite  appeared  in  the  solid 
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TABLE  1 

Average  Composition  of  Solid  Phases  Formed  During  Different  Cooling  Times 


phase,  the  amount  present  increasing  with  decrease  of  the  ratio  of  potassium  equivalents  to  sulfate  equivalents 
in  the  liquor.  Therefore  the  crystallization  of  sulfates  -  breakdown  of  metastable  equilibria  -  is  much  more 
rapid  in  the  cooling  of  liquors  with  relatively  high  sulfate  contents.  If  the  KCl  content  of  the  liquor  is  high, 
little  sulfate  crystallizes  with  the  potassium  chloride,  even  when  the  cooling  time  is  75  minutes. 

It  is  known  that  schoenite  has  no  stable  crystallization  field  at  35“  in  the  five -component  system  Na'*’,  K"*" 
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TABLE  2 


Average  Compositions  of  Solid  Phases  Formed  When  Kainite  liquors  Are  Cooled  to  Dif¬ 
ferent  Temperatures 


d. 

0  -o 

u 

E  M 

0)  0 
♦-»  a 

“t?  2d  « 

0  ”  0 

Composition  of  solid  phase  (in  wt.  °/o) 

*  0^ 

*4-.  W 

O' 

uu  0 

Comp 
kainit 
quor 
(in  inc 

KCl 

NaCl 

KjSO, 

MgSO.I 

i 

MgCl, 

11,0 

° 

c  ^  m 

B  c-s 

1 

30 

X  —  28.5  ( 

60.36 

26.6 

1.95 

1.3 

9.8 

42.2 

48.5 

35 

V  —  64.5  1 

61.85 

28.13 

1.36 

1.22 

7.45 

42.0 

42.3 

40 

1 

1 

■  n  =  37.5  1 
15.3  1 

65.25 

24.67 

■None 

1.9 

1.03 

7.16 

44.3 

34.5 

45 

J 

65.6 

19.14 

0.96 

2.3 

12.0 

47.0 

29.1 

2 

30 

1  X  =  38.6  1 

61.8 

22.2 

1 

1 

3.24 

0.73 

12.02 

44.3 

44.5 

35 

I  y  =  62.9  1 
1  n  =  38.6  1 

1 

71.7 

17.0 

1 

i 

[None 

1 

2.35 

0.82 

8.13 

49.25 

34.4 

45 

1  u;  =  14.8  1 

i 

60.4 

26.5 

1 

1 

2.13 

1.28 

9.70 

42.3 

26.1 

X5  3 

30 

1 

1  X  =  35.6  f 

49.6 

32.4 

1 

/ 

2.65 

1.81 

13.54 

35.6 

36.0 

35 

1 

1 

1  y  =z  68.5  1 
f  n  =  33.0  1 

48.71 

37.62 

! 

None  1 

2.31 

1.12 

10.24 

34.3 

32.3 

45 

j  ii>  =  14.5 

1 

46.76 

43.23 

1 

1.70 

1.27 

7.04 

32.7 

19.8 

Ni  4 

30 

1  x==32.1 

( 

54.9 

26.9 

[ 

2.6 

1.01 

14.59 

40.4 

41.8 

35 

1  i/  =  65.6 

1 

67.1 

28.16 

•  None  ) 

1.97 

1.46 

11.31 

40.5 

29.3 

40 

(  »  =  41.9 

57.9 

30.6 

1.93 

1.2 

8.48 

39.9 

19.6 

45 

1  10=  16.4 

1 

66.7 

33.43 

1 

1.79 

1.21 

6.87 

38.3 

13.1 

Mg*‘‘^||  SO4",  Cl”  “H2O.  Stable  schoenite  can  crystallize  only  at  a  lower  temperature  (25*)<  The  metastable 
region  of  schoenite  crystallization  is  also  greater  at  25*.  It  follows  that  the  possibility  of  sulfate  crystallization 
is  greater  at  lower  cooling  temperatures.  Moreover,  the  amount  of  water  evaporated  from  the  system  and  the 
amount  of  solid  phase  formed  both  depend  on  the  final  temperature  of  the  liquor  (for  a  constant  initial  temper¬ 
ature). 

Several  series  of  experiments  were  carried  out  to  determine  the  influence  of  the  final  temperature  of  the 
liquor  (the  temperature  drop  in  cooling)  on  the  amount  and  composition  of  the  solid  phase  formed.  The  cooling 
time  in  all  the  experiments  was  30  minutes,  and  the  final  temperatures  were  45,  35  and  30*.  The  initial  tem¬ 
perature  of  the  liquor  in  all  the  series  was  66-73*. 

The  results  of  the  experiments  are  given  in  Table  2  and  Figure  2.  It  can  be  seen  that  sulfates  do  not  crys¬ 
tallize  together  with  KCl  and  NaCl  when  the  liquors  are  cooled  to  30*.  Therefore,  the  final  cooling  temperature 
may  be  chosen  in  the  range  45-30*,  according  to  the  amount  of  water  to  be  evaporated  and  the  proportion  of 
potassium  to  be  separated  out  from  the  liquor  in  the  form  of  KCl. 

SUMMARY 

1.  The  quality  of  potassium  chloride  (its  sulfate  content)  is  almost  independent  of  the  time  of  cooling  of 
kainite  liquor  if  the  time  does  not  exceed  45  minutes.  Increasing  amounts  of  schoenite  appear  in  the  solid  phase 
if  the  cooling  time  is  increased  beyond  this.  The  amount  of  schoenite  increases  with  decrease  of  K2/SO4  equiv¬ 
alent  ratio  in  the  kainite  liquor. 

2.  If  the  final  cooling  temperature  is  not  below  30-28*,  it  does  not  cause  crystallization  of  sulfates.  This 
fact  may  be  used  for  regulation  of  the  extraction  of  potassium  in  the  form  of  KCl. 


1449 


LITERATURE  CITED 

[1]  V.V.  Ofitserov,  J.  Chem.  Ind.  1  (1954). 

[2]  O.  Langhauer,  Ann.  Sector  Phys.  Chem.  Analysis,  Acad.  Sci.  USSR  14  (1941). 

[3]  D.  Langhauer,  W  sprawie  przerobtd  surowcow  siarczakowych  (Soli  twardei  kainitowo-langbeinitowej) 
na  chlorek  potasy,  kalimagnezje,  i  siarczan  potasu  (Lwow,  1938). 

[4]  N.S.  Kurnakov  and  V.I.  Nikolaeva,  Ann.  Sector  Phys.  Chem.  Analysis,  Acad.  Sci.  USSR  10  (1938). 

[5]  D’Ans.  KaU  38,  4-5  (1944). 

[6]  M.G.  Valiashko  and  E.F.  Solovieva,  Trans.  All-Union  Sci.  Res.  Inst.  Halurgy  21  (1949). 

[7]  A.G.  Bergman  and  N.P.  Luzhnaia,  Physicochemical  Principles  of  the  Study  and  Utilization  of  Salt 
Deposits  of  the  Chloride -Sulfate  Type  (1951).* 

[8]  F.  Serowy,  Verarbeitungsmetoden  der  Kalirohsalze.  Halle  (Saale,  1952). 

Received  March  26,  1957 


•In  Russian. 


1450 


THE  QUALITY  OF  POTASSIUM  CHLORIDE  OBTAINED  FROM 
KAINITE  LIQUORS  OF  DIFFERENT  COMPOSITION 

M.E.  Pozin  and  M.I.  Muratova 
The  Lensoviet  Technological  Institute,  Leningrad 


As  was  pointed  out  in  the  preceding  communication  [1],  when  Carpathian  potassium  sulfate  deposits  are 
converted  into  potassium  sulfate  or  potash -magnesia  fertilizer,in  a  number  of  cases  preliminary  crystallization 
of  KCl  is  necessary  before  conversion  of  the  liquor,  to  avoid  contamination  of  the  schoenite,  K2S04*  MgSQ^*  SHjO, 
with  potassium  chloride. 

Crystallization  of  KCl  occurs  from  kainite  Uquors  situated  in  the  stable  field  of  glaserite  crystallization, 
in  the  metastable  region  of  saturation  with  sylvine.  It  is  known  that  metastable  schoenite  may  crystallize  to¬ 
gether  with  KCl  from  liquors  situated  in  the  stable  field  of  glaserite  crystallization  [2,3].  The  crystallization 
of  the  schoenite  together  with  KCl  is  highly  undesirable,  as  it  lowers  the  yield  of  potassium  sulfate  fertilizer 
and  decreases  the  KjO  content  in  the  solid  phase. 

In  the  preceding  investigation  [1]  the  time  and  temperamre  of  cooling  of  kainite  liquors  required  for  sep¬ 
aration  of  potassium  chloride  without  contamination  with  schoenite  were  determined.  The  results  of  a  study  of 
the  dependence  of  the  quality  of  the  potassium  chloride  on  the  composition  of  the  raw  material,  the  water  con¬ 
tent  (concentration)  of  the  kainite  liquor,  and  a  number  of  other  factors  are  given  below. 

The  principal  quantities  which  determine  the  possibility  of  conversion  of  multimineral  potash -sulfate  ma¬ 
terials  into  potassium  sulfate  and  schoenite  only  are  6,  the  weight  ratio  of  sylvine  to  kainite  in  the  material,  ' 
and  a,  the  weight  ratio  of  the  total  KCl  content  in  the  material  to  the  total  content  of  MgS04  in  all  the  dissolv¬ 
ing  minerals.  If  6  <  0.3  and  a  ^  1.24,  i.e.,  if  there  is  1  mole  of  MgS04  per  2  moles  of  KCl  in  the  material, 
previous  crystallization  of  KCl  is  not  required.  Otherwise  it  is  always  necessary. 

EXPERIMENTAL 

The  crystallization  of  KCl  from  kainite  liquors  was  effected  in  a  laboratory  vacuum -cooling  unit,  con¬ 
sisting  of  a  vacuum  evaporator,  two  condensers  in  series  with  a  receiver  for  the  condensate,  a  calcium  chloride 
column  for  trapping  uncondensed  vapor,  and  an  oil  vacuum  pump.  The  vacuum  in  the  system  was  maintained 
at  610-620  mm  Hg  at  the  start  of  the  cooling,  and  at  710-720  mm  at  the  end.  The  cooling  time  was  30  min¬ 
utes  in  all  the  experiments.  The  final  temperature  of  the  cooled  liquor  was  34-35*,  and  the  initial  temperature 
was  70-75*. 

KCl  was  crystallized  from  synthetic  kainite  liquors  which  were  prepared  by  solution  of  chemically  pure 
salts  -  KCl,  NaCl,  K2SO4,  MgS04*  7H2O,  MgCl2-  6H2O.  The  compositions  of  the  original  and  final  liquors  and 
of  the  solid  phases  were  determined  by  analysis,  and  the  mineral  composition  of  the  soUd  phase  was  found  by 
immersion  microscopy. 

A  study  was  made  of  the  crystallization  of  KCl  from  liquors  corresponding  to  kainite  liquors  formed  by 
the  conversion  of  raw  material  with  B  =  0.37,  0.5,  and  0.65;  the  mother  liquor  used  for  the  treatment  had  the 
indices  x  =  0.28,  y  =  0.7,  n  =  0.5,  w  =  21. 
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X  —  index  SO4: 


n  —index  Na  = 


2eq.  SO4 


;^eq.  (Ka  +  M?)  ’ 

]Seq.  Na2 
2eq.  (K2  +  Mjr)  ’ 


2  ®q- 

^  2®^-  (K2  4-Mg) 

2eq-  H2O 

w  =  water  con--^^ - J^TTTT  * 

tent  2®^' 


High-quality  schoenite  is  obtained  with  the  use  of  mother  liquor  of  this  composition. 


TABLE  1 


Compositions  of  Solid  Phases  Obtained  from  Materials  with  Different  Values  of  the  Co¬ 
efficient  6 


Composition  of  kainite 
liquor  (in  indices) 

Composition  of  solid  phase  (in  wt.  '^o) 

«4-.  0  ^ 

0  w 

X 

V 

n 

V) 

KCl 

NaCl  j 

K,SO,  j 

MgSO, 

MgCl, 

1  1 

He  -3 
<  .S  U 

p==0.37 


34.7 

61.5 

34.2 

14.3 

73.3 

11.69 

2.63 

1.51 

10.97 

51.8 

34.7 

63.2 

39.7 

14.9 

67.8 

19.9 

1.90 

1.35 

9.06 

47.1 

35.2 

61.15 

42.6 

15.0 

68.0 

19.8 

1.59 

1.15 

9.46 

47.5 

33.8 

62.9 

41.1 

15.8 

64.0 

22.4 

None 

1.61 

1.40 

11.59 

45.0 

33.3 

63.2 

40.8 

16.4 

61.5 

22.6 

1.92 

1.44 

12.54 

44.1 

33.8 

61.8 

40.2 

17.0 

55.1 

24.7 

2.60 

1.70 

15.90 

41.2 

32.9 

64.9 

52.4 

18.4 

43.25 

50.55 

1.23 

0.64 

4.33 

27.3 

33.4 

64.7 

56.5 

18.5 

42.6 

50.0 

I 

1 

1.02 

1.08 

5.3 

28.3 

=  0.5 

34.7 

60.5 

40.1 

14.2 

74.7 

11.93 

2.47 

1.14 

10.10 

52.2 

33.8 

60.5 

39.2 

15.4 

66.80 

15.80 

2.90 

1.11 

13.39 

48.5 

33.9 

60.3 

37.9 

15.1 

69.4 

14.4 

2.08 

2.37 

11.75 

49.75 

33.3 

62.2 

40.8 

16.4 

61.0 

17.92 

None 

2.66 

1.62 

16.80 

46.2 

31.8 

63.7 

49.6 

18.1 

54.0 

39.37 

1.13 

0.83 

4.67 

35.8 

:0.65 

31.7 

59.1 

33.7 

14.4 

76.0 

4.8 

2.64 

1.65 

14.91 

56.4 

32.3 

59.2 

38.4 

15.2 

73.46 

8.58 

2.52 

1.42 

14.02 

53.9 

32.28 

64.22 

45.70 

16.7 

69.08 

13.76 

None  ^ 

2.23 

1.60 

13.33 

49.8 

29.7 

62.5 

41.9 

17.2 

62.1 

20.2 

2.0 

1.76 

13.94 

45.75 

31.7 

62.75 

51.3 

18.2 

54.3 

35.17 

0.9 

1.6 

8.03 

37.7 

In  the  conversion  of  potash  minerals,  the  technological  conditions  —  liquor  consumption  in  the  dissolution 
process,  ratio  of  the  conversion  liquor,  water  balance,  etc.  -  depend  on  the  water  content  of  the  kainite  liquor. 
Therefore,  a  study  was  also  made  of  the  crystallization  of  KCl  from  kainite  liquors,  obtained  from  materials 
with  the  same  coefficient  fl,  and  with  different  water  indices  from  14  to  18.  This  made  it  possible  to  derive  the 
dependence  of  the  composition  of  the  solid  phase,  not  only  on  the  composition  of  the  raw  material,  but  also  on 
the  concentration  (water  index)  of  the  kainite  liquor.  It  follows  from  the  data  in  Table  1  and  Figure  1  that  the 
higher  the  value  of  6,  the  higher  is  the  K2O  content  of  the  solid  phase,  in  the  water  index  range  14  to  18.  As 
the  water  index  of  the  liquor  increases  from  14  to  18,  the  KjO  content  of  the  solid  phase  decreases  at  all  values 
of  6  owing  to  an  increase  of  the  NaCl  content.  Crystallization  of  schoenite  together  with  KCl  was  not  observed. 

The  results  of  numerous  experiments  on  the  crystallization  of  KCl  from  kainite  liquors  lead  to  the  conclu¬ 
sion  that  the  K2/SO4  equivalent  ratio  is  an  important  factor  which  characterizes  the  composition  of  the  potassium 
chloride  formed  by  vacuum  crystallization.  The  variation  of  the  composition  of  the  potassium  chloride  with  the 
K2/SO4  equivalent  ratio  in  the  liquor  is  given  in  Figure  2  and  Table  2.  The  K2O  content  in  the  potassium  chlo¬ 
ride  rises  with  increase  of  the  K2/SO4  ratio  to  ~1.  With  further  increase  of  the  K2/SO4  ratio,  the  K2O  content  of 
the  solid  phase  fluctuates  in  the  45-50‘7o  range,  if  the  KCl  is  crystallized  out  of  a  liquor  saturated  with  NaCl. 
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DETERMINATION  OF  THE  HEIGHT  OF  PACKED  COLUMNS  IN  ABSORPTION 
ACCOMPANIED  BY  CHEMICAL  REACTIONS 

M.Kh.  Kishinevskii  and  L.A.  Mochalova 
Physical  Chemistry  Laboratory,  the  State  University,  Kishinev 

The  development  of  a  method  for  calculation  of  the  height  of  a  packed  column  used  for  absorption  ac¬ 
companied  by  chemical  reactions  is  a  problem  of  some  interest.  A  method  for  calculation  of  the  height  of  the 
packing  in  absence  of  chemical  reactions  has  been  developed  and  described  in  the  literature  [1-3].  In  this  case, 
it  is  necessary  to  know  the  coefficient  of  mass  transfer,  which  depends  on  the  liquor  rate;  on  the  gas  velocity, 
on  the  form,  dimensions,  and  material  of  the  packing,  and  on  the  physical  properties  of  the  absorbent  and  the 
gas.  If  the  absorption  is  complicated  by  chemical  reactions,  this  value  is  not  sufficient.  The  driving  force  of 
absorption  accompanied  by  chemical  reactions  contains  a  term  which  includes  the  quantity  K^Ar,  which  is  the 
product  of  the  rate  constant  for  the  reaction  and  the  renewal  time  of  the  surface  film  (average  over  the  column). 
While  the  rate  constant  for  the  chemical  reaction  is  known  in  a  number  of  cases  from  direct  kinetic  determina¬ 
tions,  to  find  At  (and,  of  course,  the  mass  transfer  coefficient)  it  is  necessary  to  have  theoretical  or  empirical 
relationships  between  At  and  the  hydrodynamic  conditions  and  the  geometrical  form  of  the  apparatus.  Empiri¬ 
cal  expressions  for  calculation  of  the  transfer  coefficients  for  given  hydrodynamic  conditions  and  equipment  de¬ 
sign  are  given  in  the  literature  [1-3].  Unfortunately,  no  data  for  calculation  of  At  are  available  in  the  litera¬ 
ture.  Therefore,  the  calculation  of  the  height  of  a  packed  column  necessitates  preliminary  laboratory  experi¬ 
ments  in  conditions  of  hydrodynamic  and  geometric  similitude  for  evaluation  of  At  or,  which  is  even  simpler, 
of  K^Ar.  The  amount  of  work  involved,  which  essentially  reduces  to  modeling  of  the  industrial  process  is  not 
large,  as  in  a  number  of  instances  only  a  few  experiments  are  needed  for  determination  of  K^Ar. 

Our  proposed  method  for  determination  of  the  height  of  a  packed  column  for  absorption  complicated  by 
chemical  reactions,  when  the  concentration  of  the  absorbent  may  be  assumed  constant  along  the  column,  is  de¬ 
scribed  below.  Ideally  this  is  realized  at  relatively  high  liquor  rates  and  low  gas  velocities.  One  characteristic 
of  this  regime  is  that  the  absorbent  passes  rapidly  through  the  column  because  the  force  of  gravity  is  considerably 
greater  than  the  frictional  forces  between  the  gas  and  the  liquid.  Because  of  this,  when  a  gas  is  absorbed  by  a 
liquid  containing  a  component  chemically  active  with  respect  to  the  gas,  and  when  the  chemical  capacity  of 
the  absorbent  is  high,  the  change  in  the  composition  of  the  liquid  in  its  passage  through  the  column  is  insignifi¬ 
cant.  This  is  not  the  optimum  regime  in  terms  of  mass  transfer  rate  per  unit  driving  force.  It  is  known  that  the 
process  is  intensified  with  the  increase  of  the  friction  between  the  gas  and  liquid  with  increasing  gas  velocity, 
especially  for  highly  soluble  gases.  Nevertheless,  the  small  changes  in  the  concentration  of  the  absorbent  under 
such  conditions  make  the  conditions  favorable  for  absorption  along  the  whole  height  of  the  column.  Moreover, 
if  the  gas  velocity  is  low,  the  contact  time  between  the  gas  and  liquid  in  the  column  is  relatively  long,  which 
is  a  favorable  factor  in  gas  scrubbing. 

In  the  general  case,  the  rate  of  absorption  accompanied  by  a  chemical  reaction  of  the  second  order  can 
be  represented  as  [4] 

?-  J_,  ^  •  (1) 

k, 
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In  this  equation  q  is  the  absorption  rate  (in  kg/m ^  *  hour);  C  is  the  concentration  of  the  active  component  of  the 
absorbent  (kg/m*);  m  is  the  number  of  molecules  of  the  active  component  combining  with  one  molecule  of  the 
gas  as  the  result  of  chemical  reaction;  H  is  the  Henry  constant  (in  kg/m*  ■  atmos);  P  is  the  partial  pressure  of  the 
gas  (in  atmos);  kj^  is  the  liquid-phase  transfer  coefficient  (in  m/hour);  k^  is  the  gas-phase  transfer  coefficient 
(in  kg/hour  •  atmos  •  m*): 


\lfnHP*K^  At 


f  ^'dy, 


where  P*  is  the  partial  pressure  of  the  gas  at  the  interphase  boundary  (in  atmos);  is  the  rate  constant  of  the 
second -order  reaction  (in  m**  kg*  hour);  At  is  the  renewal  time  of  the  surface  film  (in  hours). 

If  the  resistance  of  the  gas  phase  is  negligible,  we  may  assume  that  P*  «  P  and  H/k(;  «  1/kL.  Equation 
(1)  then  becomes; 


The  term  A  is  then 

For  a  low  rate  of  the  chemical  reaction,  since  in  real  conditions  Ar  is  always  small,  the  exponential  expressions 
in  the  term  A  can  be  resolved  into  series,  and  nonlinear  terms  may  be  omitted.  A  then  becomes 


A  —  \  —  mHPK^  Ax, 

and  Equation  (2)  takes  the  form 

q  =  k^HP{K^^x.C+\),  (3) 

If  the  agitation  is  sufficiently  vigorous.  Equation  (3)  satisfactorily  describes  the  absorption  kinetics  in  such 
systems  as  COj  -  aqueous  NajCOg  solutions,  and  COj  -  aqueous  K2CQ3  solutions. 

For  derivation  of  a  working  formula  for  calculation  of  the  packing  height,  it  is  convenient  to  calculate  the 
absorption  rate  relative  to  the  interface  per  cubic  meter  of  the  packing.  Equation  (3)  becomes 

q  •  a  =  k^aHP(K^LxC (4) 

where  a  is  the  interface  area  (in  mVni*). 

The  material  balance  equation  for  a  layer  of  packing  of  thickness  dh  is: 


^Gdy=ky^aHP{K^^xC  +  l)d/i 


(5) 


here  G  is  the  inert  gas  rate  per  unit  cross  section  of  the  column  (kg/hour*  m*);  y^is  the  concentration  of  the  ab 
sorbed  gas  (kg/kg  of  inert  gas). 


The  relationship  between  the  partial  pressure  of  the  absorbed  gas  and  y^is  given  by  the  expression: 

Min 


(6) 
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Here  Ptotal  *he  total  pressure  of  the  mixture  (in  atmos);  M^bs  *he  molecular  weight  of  the  absorbed  com¬ 
ponent  of  the  gaseous  mixture;  is  the  molecular  weight  of  the  inert  gas. 

Substituting  Equation  (6)  into  Equation  (5)  and  assuming  that  the  concentration  C  of  the  active  part  of  the 
absorbent  is  constant  along  the  column,  we  have  after  integration 


h  =  (yentry  "Yexit  +  Mabs/Mjn  2.3  log  yentry/yexit)  G  (n. 

kLaHPtotaKKrATC  +  1) 

The  assumption  that  C  is  constant  is  justified  at  fairly  high  liquor  rates  and  relatively  low  linear  gas  vel¬ 
ocities.  Under  such  conditions  the  height  of  the  packed  column  can  be  calculated  by  means  of  Equation  (7)  if 
the  values  of  kLa  and  KjAt  are  known. 

Tests  of  the  equations  under  laboratory  conditions.  Experiments  on  the  absorption  of  COj  by  Na2C03  solu¬ 
tions  were  carried  out. 

The  apparatus  used  is  shown  in  Figure  1.  The  diameter  of  the  column  was  0.038  m.  In  the  preliminary 
experiments  for  determination  of  kj^a  and  k^Ar  the  height  of  the  packing  was  0.170  m.  The  packing  consisted 
of  glass  rings  12  x  9  x  0.7  mm  in  size.  The  liquid  rate  in  the  column  was  390  ml/minute,  equivalent  to  20.6 

mVhour*  m*.  The  gas  was  fed  at  a  constant  rate  of  185  ml/minute. 

kThe  absorption  rate  was  found  from  the  changes  of  the  COj  concen¬ 
tration  in  die  gas  phase.  The  concentration  of  the  Na2C03  solution 
at  the  exit  from  the  column  was  practically  the  same  as  at  the  entry. 

B  Experimental  results  obtained  with  a  column  with  packing 

0.170  m  high  ate  plotted  in  Figure  2.  These  results  were  used  for 
calculation  of  kLa  and  kjAr.  The  calculation  was  performed  as  fol¬ 
lows.  Extrapolation  of  the  curve  in  Figure  2  to  zero  concentration 
ff  X'  absorption  by  pure  water,  6.85*  10'*  kg/hour.  The 

Mra"  n  V/X  absorption  coefficient  of  CO2  in  water  at  23“  is  1.54  kg/m** atmos. 

3  III  The  equation  for  the  absorption  rate  in  pure  water 


Fig.  1.  Diagram  of  the  experiment¬ 
al  unit. 


Q  =  kLoHP.  (8) 

(where  Q  is  the  absorption  rate  (in  kg/hour)  through  the  total  inter¬ 
face  a  in  the  column,  and  P  is  the  logarithmic  mean  partial  pressure 
of  CO2  in  the  column,  equal  to  0.378  atmos  in  the  case  of  pure  water) 
was  used  to  calculate  kLO  =  14.0*  10’*  mVhour.  Division  of  kLO  by 
the  volume  of  the  packing  gave  kLa  =  73  hour‘\ 

KjAr  was  calculated  by  means  of  the  equation 


Q  =  A:j^oi/i»(AjAxC-|-l).  (9) 

_ _ ^  g  As  the  product  KjAtC  is  a  dimensionless  quantity,  it  is  more 

0  025  0.50  convenient  to  express  C  in  moles/liter  and  KjAr  in  liters/mole.  For 

Na2C03  concentration  0.2  mole/liter,  Q  =  6.7  •  10"®  kg/hour,  and 

,  „  .  ,  ,  .  .  P  =  0.32  atmos.  The  absorption  coefficient  H  for  0.2  molar  soda 

Fig.  2.  Variation  of  absorption  rate  ,  ,  ,  ...  • 

,  ,  .  solution  was  assumed  equal  to  the  absorption  coefficient  of  CO2  in 

with  Na.CO.  concentration:  A)  rate  ,  r  t.  \  t  1  1  /  3  . 

,  .  ®  „  NaHCO.  solution  of  the  same  concentration,  i.e.,  wl. 29  kg/m  •  atmos. 

of  absorption  of  CO2  (in  kg/hour);  .u  r  . 

o  /  The  value  of  kio  could  not  be  taken  to  be  the  same  as  for  water,  as 

B)  Na2COs  concentration  (in  moles/  ^  ^  ,  ..rr  .  ^  .  1  j  . 

\  the  viscosity  of  soda  solutions  is  different.  Our  experimental  data 

showed  that  both  kLO  and  kLa  are  approximately  inversely  proportional 

to  the  viscosity.  Therefore,  if  kLO  or  kLa  is  known  for  one  value  of 

the  viscosity  (in  this  instance  for  water  at  23“),  the  values  for  other  viscosities  can  easily  be  found.  This  method 

was  used  to  find  kLO  =  12.9*  10"*  mVhour,  and  KjAt  =  1.3  liters/mole. 

Equation  (7)  was  verified  as  follows.  It  was  known  from  the  experimental  results  that  with  Na2C03  solution 
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containing  0.2  mole /liter  the  partial  pressure  of  COj  at  the  exit  was  0.206  atmos.  The  height  of  the  packing 
in  these  experiments  was  0.17  m.  The  same  value  should  be  found  in  calculation  of  h  by  means  of  Equation 
(7).  The  calculation  gave 

/  44  1.34\ 

(l.34-0.40+^g2.31ogo^)6.1 

67  •  1.29 . 1  .  (1.3  •  0.2+1)  ^016 m 


Experiments  were  also  performed  with  a  column  in  which  the  height  of  the  packing  was  0.30  m.  In  this 
case,  with  the  same  soda  solution,  the  partial  pressure  of  COj  at  the  exit  was  0.07  atmos.  The  calculation  gave 

_^_(l,34-0.114+||2.aog^)6.1 

“  67  •  1.29  •  1  •  (1.3  •  0.2  +  1)  ^0-28n:i 

The  agreement  between  the  experimental  and  calculated  values  of  h  must  be  considered  satisfactory  if 
the  experimental  error  and  the  approximate  estimation  of  the  absorption  coefficient  are  taken  into  account. 
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INFLUENCE  OF  VARIOUS  ADDITIVES  ON  THE  PROPERTIES  OF 
'  TITANIUM  CAPACITOR  CERAMICS 

E.Zh.  Freidenfel'd  and  A. A.  Apsitis 


During  the  past  10  years  ceramic  capacitors  based  on  titanates  have  become  widely  used  in  high-frequency 
techniques.  Titanate  capacitors  differ  favorably  from  other  materials  by  high  values  of  the  dielectric  constant 
and  low  losses  over  a  wide  range  of  frequencies. 

,  The  dielectric  properties  of  titanates  were  first  studied  by  the  Soviet  scientists  Bogoroditskii,  Smolenskii, 
Vul,  Skanavi,  Khodiakov,  and  others  [1-4]. 

Barium  titanate,  the  ferroelectric  properties  of  which  were  discovered  by  Vul,  is  widely  known  in  world 
science  and  technology.  Titanates  of  other  alkaline -earth  metals  and  their  solid  solutions  with  barium  titanate 
also  have  valuable  dielectric  properties. 

Numerous  investigations  of  titanate  capacitors  have  also  been  carried  out  abroad.  Particularly  interesting 
data  have  been  published  by  Roup,  Sugiura,  Graf,  and  others  [5-8]. 

However,  not  enough  work  has  been  done  on  the  ceramic  properties  of  titanate  capacitor  materials.  It 
has  been  reported  [1,5]  that  the  plasticity  of  titanate  bodies  is  improved  by  addition  of  10%  of  clay  or  bentonite, 
so  that  articles  can  be  molded  by  plastic  forming  and  extrusion  through  a  mouthpiece.  On  the  other  hand,  the 
dielectric  properties  are  worsened  by  such  additions. 

In  the  present  investigation  the  influence  of  additions  of  ,Chasov  lar  clay,  bentonite,  and  boracite  flux  on 
the  ceramic  and  dielectric  properties  of  barium,  strontium,  and  calcium  titanates  was  studied. 


EXPERIMENTAL 

The  titanates  of  calcium,  barium  and  strontium  were  prepared  from  titanium  dioxide  of  TE  grade,  and 
CaC03,  BaCOg,  SrCOjg  of  "pure"  grade.  The  additives  used  were  Chasov  lar  clay  and  Oglanli  bentonite.  The 
flux  was  boracite  glass  of  the  following  composition  (in  %):  BgOg  67,  CaO  20,  MgO  13.  The  boracite  glass  was 
previously  fritted  at  1100*. 


Three  series  of  specimens  were  prepared: 


Series  I 

BaTiOg  +  2%  boracite  flux 
BaTiOg  +  5%  Chasov  lar  clay 
BaTiOg  +  5%  Oglanli  ben¬ 
tonite 


Series  II 

CaTiOg  +  2%  boracite  flux 
CaTlOg  +  5%  Chasov  lar  clay 
CaTiOg  +  5%  Oglanli  ben¬ 
tonite 


Series  III 

SrTiOg  +  2%  boracite  flux 
SrTiOg  +  5%  Chasov  lar  clay 
SrTiOg  +  5%  Oglanli  ben¬ 
tonite 


The  calculated  chemical  composition  of  the  titanate  batches  is  given  in  Table  1. 

The  specimens  were  prepared  as  follows:  a)  titanium  dioxide  was  ground  with  the  corresponding  carbon¬ 
ates  and  additives  in  a  laboratory  ball  mill  for  0.5  hour;  b)  the  batch  was  heated  to  1100*  to  decompose  the 
carbonates  and  to  convert  the  titanium  dioxide  into  the  rutile  form;  c)  the  material  was  made  into  paste  with 
dextrin  solution  and  molded  into  discs  30.0  mm  in  diameter  and  3.5  mm  thick,  in  a  steel  mold  under  600  kg/cm^ 
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TABLE  1 


Chemical  Composition  of  Batches 


Composition  of  batch  (%) 


oxides 

BaTlO 

B 

CaTlOj 

SrTlOj 

■t-  2fo  bora  - 
cite  flux 

i 

CJ 

4-^ 

+  5%  Oglan- 
li  bentonite 

• 

0  S 

U  s 

+  0 

1  ^ 

lO  > 

+  a 

+  S^o  Oglan- 
li  bentonite 

1 

cd 

0  3 

H-'d 

•  ^ 

lO  > 

+  s 

h  « 
4 -a 

IC 

+  a 

TiOa . 

33.60 

32.68 

32.66 

67.70 

66.26 

66.20 

42.64 

41.76 

41.62 

BaO . 

64.64 

63.00 

62.87 

— 

_ 

_ 

_ 

CaO . 

0.40 

0.02 

0.08 

40.74 

39.44 

39.40 

0.40 

0.02 

0.08 

SrO . 

— 

— 

— 

— 

— 

— 

56.40 

53.92 

54.00 

MgO . 

0.26 

0.02 

0.12 

0.26 

0.02 

0.12 

0.25 

0.02 

0.12 

AI2O3 . 

— 

1.67 

0.69 

— 

1.67 

0.59 

_ 

1.57 

0.69 

FegOa 

— 

0.06 

0.08 

— 

0.06 

0.08 

• _ 

0.06 

0.08 

B2O3 . 

1.31 

— 

— 

1.31 

— 

— 

1.31 

_  . 

SiOz . 

— 

2.61 

3.40 

— 

2.61 

3.40 

_ 

2.51 

3.40 

K20+Na20  .  .  . 

— 

0.16 

0.19 

— 

0.16 

0.19 

_ 

0.16 

0.19 

SO3 . 

0.02 

0.02 

0.02 

TABLE  2 


Ceramic  and  Dielectric  Properties  of  Titanates 


BaTiOj 

CaTiO, 

SrTiOs 

-F  2<yo 

+  5<^o 

+  5^0 

27o 

+  5% 

+  570 

+  2<7o 

+  5<7o 

+  5<7o 

Characteristics 

bora  cite 

clay 

benton- 

bora  cite 

clay 

benton- 

boracite 

clay 

benton- 

flux 

ite 

flux 

ite 

flux 

ite 

Maximum  firing  tern  - 
perature  (*C) 

Firing  shrinkage  along 

1300 

1300 

1250 

1300 

1300 

1320 

1320 

1320 

1320 

specimen  diameter 
(%) 

10.3 

8.7 

9.0 

9.7 

13.5 

15.3 

19.5 

9.5 

20.0 

Water  absorption  (%) 

5.4 

3.1 

2.0 

13.2 

8.5 

6.3 

6.4 

10.0 

8.4 

Apparent  porosity  (%) 

21.9 

11.9 

8.2 

31.9 

23.7 

18.4 

19.9 

28.2 

27.7 

Bulk  density  (g/cc) 

4.1 

3.7 

4.1 

2.5 

2.8 

2.9 

3.9 

3.3 

3.4 

True  density  (g/cc) 
Dielectric  constant  e  at 

5.3 

4.2 

4.4 

3.7 

3.7 

3.5 

4.9 

4.6 

4.7 

1  me 

632.0 

452.0 

435.0 

70.5 

78.0 

76.0 

145.0 

79.0 

163.0 

Tan 6*  10*  at  1  me 

Volume  resistance 

30.0 

45.0 

70.6 

11.0 

8.8 

16.3 

5.3 

20.6 

8.5 

PV  10'“  ohms 

50.0 

1.6 

4.0 

11.0 

12.0 

2.6 

69.0 

1.7 

1.0 

pressure;  d)  the  specimens  were  dried  in  an  oven  at  120*;  e)  the  specimens  were  fired  in  a  Sillt  furnace,  the 
temperature  being  raised  over  a  period  of  four  to  five  hours,  and  held  at  the  maximum  for  two  hours;  the  speci¬ 
mens  were  cooled  in  the  furnace;  f)  silver  electrodes  were  applied  as  described  in  the  literature  [9]. 

The  ceramic  and  dielectric  properties  of  the  specimens  were  determined.  The  values  of  tan  6  and  e  were 
determined  in  the  frequency  range  from  150  kc  to  8  me  by  means  of  a  Q-meter  type  TF-329-G,  and  the  specific 
volume  resistance  was  measured  by  means  of  a  megohmmeter  type  RM-175-L3.  The  determinations  were  per¬ 
formed  at  room  temperature. 

The  ceramic  and  dielectric  properties  of  the  titanates  are  given  in  Table  2.  Average  values  for  five  speci¬ 
mens  are  given  in  each  case. 
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RESULTS  AND  DISCUSSION 

Additions  of  clay  and  bentonite  to  barium  titanate  lower  the  sintering  temperature.  Bentonite  is  a  partic¬ 
ularly  beneficial  additive;  it  has  high  reactivity  owing  to  its  extremely  high  degree  of  dispersion.  With  added 
bentonite  a  liquid  phase  appears  at  a  relatively  low  temperature  (1250*)  (owing  to  the  formation  of  multicom¬ 
ponent  eutectics  with  barium  oxide),  giving  rise  to  rapid  sintering  of  the  specimens.  It  may  be  noted  that  titan¬ 
ate  ceramics  are  generally  fired  at  about  1350*  [9]. 

If  of  boracite  flux  is  added  to  calcium  titanate  and  the  product  is  fired  at  1300*.  porous  capacitors  are 
formed;  this  indicates  that  a  higher  firing  temperature  is  needed.  Addition  of  clay  to  calcium  titanate  followed 

by  firing  at  1300*  decreases  the  porosity  and  dielectric  loss, 
whereas  additions  of  bentonite  raise  the  sintering  temperature 
of  calcium  titanate  and  increase  dielectric  loss. 

Strontium  titanate  with  added  borocite  flux  conforms 
to  GOST  5458-50  in  its  dielectric  properties.  Additions  of 
clay  have  an  adverse  effect  on  the  dielectric  and  ceramic 
properties  of  strontium  titanate:  the  specimens  crack,  have 
high  porosity,  and  sinter  above  1320*. 

Tan  6  increases  linearly  with  frequency  in  the  1  to  8 
me  range  for  the  synthetic  dielectrics  (figure.  Curve  1  for 
calcium  titanate  with  2<7o  of  borocite  flux).  The  exception 
is  strontium  titanate  with  2^  of  boracite  glass,  for  which  di¬ 
electric  loss  diminishes  with  increase  of  frequency  (Curve  2). 
The  dielectric  constants  of  the  specimens  vary  little  with 
frequency  (Curve  3  for  strontium  titanate  +  b°]o  of  clay). 

SUMMARY 

1.  Despite  its  relatively  high  apparent  porosity  (21.9^0) 
and  water  absorption  (5.4*70),  barium  titanate  with  2*7o  of  bora¬ 
cite  glass  had  the  lowest  tan  6  and  highest  e  of  all  the  syn¬ 
thetic  specimens. 

2.  Addition  of  5*70  of  bentonite  instead  of  clay  to  bari¬ 
um  titanate  may  be  recommended  for  industrial  production, 

as  the  plasticity  of  the  mass  is  thereby  increased,  the  sintering  temperature  decreases  to  1250*,  while  the  dielec¬ 
tric  constant  remains  high  and  the  loss  low. 

3.  Among  calcium  titanates  with  various  additives,  the  best  dielectric  and  ceramic  properties  are  found 
for  the  titanate  with  addition  of  5*7o  of  Chasov  lar  clay. 

4.  Addition  of  5*7o  of  Chasov  lar  clay  to  strontium  titanate  has  an  adverse  effect  on  the  dielectric  proper¬ 
ties,  and  the  discs  crack  during  the  firing. 

5.  Tan  6  for  the  synthetic  specimens  increases  linearly  with  frequency  in  the  range  from  1  to  8  me.  An 
exception  is  strontium  titanate  with  2*7oof  borocite  flux  added;  its  tan  6  decreases  with  frequency,  reaching 

1  •  10"^  at  8  me. 

6.  Strontium  and  calcium  titanates  with  additions  of  boracite  flux,  clay,  or  bentonite  conform  partially 
or  completely  to  the  requirements  in  GOST  5458-50  with  respect  to  £,  tan  6,  and  py. 
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REMOVAL  OF  TIN  FROM  TIN  PLATE  IN  ALKALINE  SOLUTIONS 
CONTAINING  NITRO  ACIDS 

E.A.  Prandetskaia 

Department  of  Electrochemistry  and  Corrosion,  the  M.I.  Kalinin  Institute 
of  Nonferrous  Metals  and  Gold,  Moscow 


Tin  is  now  very  often  recovered  from  tin-plate  scrap  by  the  so-called  chemical-electrolytic  method.  The 
principle  of  this  method  is  that  tin  is  dissolved  rapidly  and  completely  in  the  form  of  sodium  stannate  by  the  ac¬ 
tion  of  alkali  solutions  containing  sodium  nitrobenzoate.  Electrolysis  of  the  solution  with  an  insoluble  iron  anode 
deposits  compact  microcrystalline  tin  on  the  cathode. 

It  was  found  [1]  that  tin  reacts  wiA  alkaline  sodium  nitrobenzoate  according  to  the  equation: 


4N02CeH4C00'  +  5Sn  -|-  12H2O  +  lONaOH  ->6Na2lSn(OH)el  + 
+  2lOOGCeH4N— NCbHiCOOI" 

I  I 

H  H 


(1) 


As  the  result  of  Reaction  (I),  the  nitrobenzoate  anion  is  reduced  to  the  hydrazobenzoate  anion.  The  latter 
reacts  with  atmospheric  oxygen  and  is  oxidized  to  azobenzoate: 


I00CC6H4N-NCeH4G001"  +  i/202->l00CCeH4N=NC6H4G00r-f-H20 
H  H 

The  azobenzoate  anion  oxidizes  tin  and  is  again  reduced  to  hydrazobenzoate. 

2[00GG6H4N=NG6H4G001"  -1-  Sn  -f  4H2O  +  2NaOH->. 

->  Na2lSn(OH)el  -f-  2  (OOGGeH4N— NGflH4GOO]" 

I  I 

H  H 


(2) 


(3) 


The  oxidizing  agent  is  tiius  continuously  regenerated  by  atmospheric  oxygen,  and  the  tin  is  continuously 
dissolved. 

Under  given  initial  conditions  (concentration  of  nitrobenzoic  acid  in  solution,  solution  temperature,  area 
of  contact  between  ±e  tin  and  solution)  the  rate  of  solution  of  the  tin  gradually  decreases  and  then  becomes 
constant  [2]. 

An  interesting  question  of  practical  importance  is  the  question  of  the  mechanism  and  rate  of  reaction  of 
tin  with  an  alkaline  solution  containing  odier  nitro  acids  as  oxidizing  agents.  We  therefore  studied  the  reaction 
of  tin  with  alkaline  solutions  of  the  sodium  salts  of  m -nitrobenzoic,  3 -nitrophthalic,  and  m-nitrobenzenesulfon- 
ic  acids. 
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Solutions  of  the  following  composition  were  used  for  the  experiments:  1 

1.25  N  NaOH  +  0.15  molar  N02C6H4C00Na,  j 

1.25  N  NaOH  +  0.15  molar  NOjCfiHjfCOONa)^, 

1.25  N  NaOH  +  0.15  molar  N02C6H4S08Na.  | 

\ 

It  was  found  that  in  absence  of  oxygen  the  oxidation  of  tin  in  these  solutions  gradually  slows  down  and 
the  dissolution  of  the  metal  then  almost  ceases.  ! 

The  concentration  of  tin  in  solutions  in  which  the  oxidation  of  tin  ceased  coincided  with  the  value  cal-  I 

culated  from  Equation  (4):  | 

j 

4RN02  4-5Sn4-12H20  4  10NaOH-)-2R— N— N— R  +  5Na2lSn(OH)el.  i 

H  H  I 

It  follows  that  the  anion  of  the  nitro  acid  is  reduced  only  as  far  as  the  hydrazo  acid.  However,  analyses 
of  the  solutions  consistently  showed  that  the  tin  is  [xesent  in  solution  not  only  as  Sn***’  but  also  as  Sn“,  and  that  ! 

the  total  concentration  of  tin  exceeded  the  value  calculated  from  Equation  (4)  by  0.5-1‘yo.  It  follows  that,  as  in  I 

the  case  of  nitrobenzoic  acid,  the  oxidation  of  tin  by  other  nitro  acids  proceeds  in  two  stages;  first,  bivalent  tin  | 

is  formed,  and  it  is  then  rapidly  oxidized  to  the  quadrivalent  state.  Studies  of  the  dissolution  of  tin  in  the  above-  I 

named  solutions  widi  access  of  atmospheric  oxygen 
showed  that  the  rate  of  solution  of  tin  in  all  three  solu¬ 
tions  gradually  diminishes  and  then  becomes  almost 
constant  (see  figure).  The  curves  pass  into  straight 
lines  inclined  at  somewhat  different  angles  to  the  ab¬ 
scissa  axis. 

For  comparison  of  the  solution  rates  of  tin  in  ni¬ 
trobenzoic,  nitrophthalic,  and  nitrobenzene  sulfonic 
acids,  the  established  constant  rates  of  interaction  of 
tin  with  these  oxidizing  agents  were  determined.  The 
figure  shows  that  the  solution  rate  of  tin  becomes  con¬ 
stant  about  16-18  hours  after  the  start  of  the  reaction 
between  the  metal  and  the  solution. 

Accordingly,  our  experiments  consisted  of  peri¬ 
odic  determination  of  the  weight  loss  of  tin  plates  af¬ 
ter  they  had  been  kept  for  18  hours  in  alkaline  solutions 
of  the  nitro  acids. 

Tin  plates  of  equal  surface  area  were  suspended 
in  beakers  of  equal  diameter,  filled  with  the  solutions 
under  test,  and  placed  in  a  thermostat  at  75“. 

The  experimental  results  are  given  in  the  table. 

It  is  seen  that  tin  dissolves  at  the  highest  rate  in  alkaline  sodium  nitrobenzoate  and  at  the  lowest  in  alka¬ 
line  sodium  nitrophthalate.  This  is  also  demonstrated  by  the  data  below. 

Amounts  of  tin  in  grams  dissolved  in  one  hour  from  1  m*  of  metal  surface  in  1.25  N  NaOH  containing  dif¬ 
ferent  nitro  acids: 

0.15  molar  N02C6H4CC)0H  0.15  molar  NO2C6H4SO3H  0.15  molar  NOjCgHj  (COOH)2 
39.8  22.3  10.8 

SUMMARY 

1.  It  was  found  in  a  study  of  the  solution  of  tin  in  alkaline  solutions  containing  nitrobenzoic,  nitrophthalic, 
and  nitrobenzenesulfonic  acids  that  tin  reduces  the  nitro  acids  to  the  hydrazo  compounds,  and  that  these  com¬ 
pounds  are  then  oxidized  by  atmospheric  oxygen. 


A 


Q  ^  8  f2  16  2Q  24  28  32 

The  rates  of  solution  of  tin  in  alkaline  solutions 
of  nitro  acids:  A)  rate  of  solution  of  tin  (in  g/m*); 
B)  time  (hours);  1)  nitrobenzoic  acid;  2)  nitro¬ 
phthalic  acid;  3)  nitrobenzenesulfonic  acid. 
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Determinations  of  the  Amounts  of  Tin  Dissolved  by  Solutions  Containing  Different  Nitro  Acids  (Surface  area  of 
tin  plate  62  cm*,  surface  area  of  solution  38  cm*,  volume  of  solution  500  ml,  temperature  75*) 


Time  from  start 
of  experiment 

Amount  of  tin 
dissolved  (in  g) 
from  start  of 
experiment 

Tin  dissolved 
(in  g/m*) 

Time  from  start 
of  experiment 

Amount  of  tin 
dissolved  (in  g) 
from  start  of 
experiment 

Tin  dissolved 
(in  g/n.*) 

Composition  of  so 

lution  1.25  N  NaC 

IH  +  0.15  molar 

Composition  of  sc 

>lution  1.25  N  NaC 

)H  +  0.15  molar 

N02C6H4C00Na 

N02C4H4S0,Na 

18  hrs  15  min 

13.721 

0 

33  hrs 

14.573 

350.2 

25  hrs  45  min 

15.664 

313.4 

38  hrs 

15.365 

477.9 

30  hrs  50  min 

16.674 

476.3 

45  hrs 

16.156 

605.5 

35  hrs  20  min 

17.905 

673.3 

51  hrs 

16.746 

700.7 

40  hrs  20  min 

18.994 

850.5 

56  hrs  15  min 

17.647 

846.0 

46  hrs  20  min 

20.774 

1135.5 

50  hrs  20  min 

21.655 

1279.8 

Composition  of  solution  1.25  N  NaOH  +  0.15  molar 

54  hrs  50  min 

22.723 

1452.0 

NOzCeHafCOONa)^ 

18  hrs  15  min 

13.862 

0 

Composition  of  solution  1.25  N  NaOH  +  0.15  molar 

23  hrs  15  min 

14.279 

67.3 

N02C6H4S03Na 

28  hrs  30  min 

14.718 

138.1 

18  hrs  15  min 

12.402 

0 

33  hrs  30  min 

14.909 

178.9 

22  hrs  45  min 

13.040 

102.9 

40  hrs  30  min 

15.314 

234.2 

27  hrs  45  min 

13.692 

208.1 

46  hrs  30  min 

15.801 

312.8 

51  hrs  45  min 

16.112 

362.9 

2.  For  a  given  concentration  of  nitro  acid,  solution  surface  area,  and  solution  temperature,  the  rate  of 
solution  of  tin  becomes  constant  after  a  definite  time. 

3.  The  established  constant  rate  of  solution  of  tin  depends  on  the  nature  of  the  nitro  acid.  The  rate  was 
highest  in  presence  of  nitrobenzoic  acid,  and  lowest  in  presence  of  nitrophthalic  acid. 
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OXIDIZABILITY  OF  MAGNESIUM  IN  AIR  AT  MODERATELY  HIGH 


AND  HIGH  TEMPERATURES 


A.P.  Beliaev 

The  All-Union  Aluminum  -Magnesium  Institute 


Magnesium  ignites  in  air  when  heated  to  temperatures  close  to  its  melting  point. 

The  combustion  of  magnesium  is  regarded  as  a  sudden  result  of  a  developing  oxidation  process. 

Without  giving  a  detailed  review  of  the  literature  on  the  oxidation  and  gas-phase  corrosion  of  magnesium, 
we  may  note  that  the  idea  of  the  strong  oxidizability  of  this  metal  in  air  is  usually  extended  in  technology  to 
the  region  of  moderately  high  temperatures.  This  property  is  theoretically  associated  with  the  ratio  of  the  mole 
cular  volume  of  the  oxide  film  on  the  metal  to  the  atomic  volume  of  the  metal.  This  ratio  for  magnesium  is 
0.785. 


According  to  the  theory  of  metal  corrosion  [1,  2]  the  oxide  film  on  magnesium  cannot  be  continuous,  and 
cannot  serve  as  a  sufficient  obstacle  to  penetration  of  the  active  reagent  (atmospheric  oxygen).  Metals  are  very 
often  divided  into  two  groups  according  to  their  resistance  to  oxygen,  on  the  basis  of  the  Pilling -Be dworth  ratio. 

This  ratio  for  magnesium  is: 

Wd/wD  <1,  (I) 

where  W  is  the  molecular  weight  of  the  oxide,  D  is  the  density  of  the  oxide,  ^is  the  atomic  weight  of  the 
metals,  and  d  is  the  density  of  the  metal;  magnesium  is  accordingly  classified  as  a  metal  which  is  strongly  ox¬ 
idized  in  air;  the  course  of  oxidation  of  such  metals  in  time  is  represented  by  a  linear  equation: 

q  =  kt.  (II) 

where  k  is  a  constant,  q  is  the  amount  of  reacted  magnesium  or  oxygen,  and  the  time.  Consequently 


'^corr  = 


(III) 


where  v^orr  1^  of  oxidation  (mg/cm**  hour),  u  is  the  weight  increase  of  the  metal  (mg/cm*),  and  ^is 

the  time. 

It  is  shown  below  that  characterization  of  magnesium  in  terms  of  the  Pilling -Bedworth  ratio  [1]  is  very 
rough  and  does  not  give  an  indication  of  the  differences  in  the  resistance  of  this  metal  to  air  at  moderate  and 
high  temperatures. 

There  are  a  few  papers  containing  comparative  experimental  data  on  the  oxidation  of  magnesium  and 
me  tab  for  which  the  Ratio  (I)  is  greater  than  unity. 

Among  these  is  the  paper  by  Krylova  who  published,  as  long  ago  as  1938  [3],  the  results  of  a  study  of  the 
surface  oxidation  of  metals  in  air.  Drude's  method  (1890)  was  used  to  establish  the  relationship  between  the 
variations  in  the  thickness  of  the  layer  on  the  metal  surface  (in  angstroms)  and  the  temperature  of  heating  in  air. 
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The  ellipticity  of  rectillnearly-polarized  incident  light  after  reflection  from  the  metallic  surface  can  be 
characterized  by  values  of  the  phase  shift  A  and  the  angle  2^,  which  determines  the  ratio  of  the  ellipse  semi¬ 
axes. 


Consequently, the  optical  constants  of  the  metal  -  the  refractive  index  and  the  coefficient  of  absorption  - 
could  be  expressed  as  functions  of  A  and  2^. 

Krylova  [3]  gave  the  following  series  of  metals:  Cu,  Cd,  Fe,  Mg,  Ni,  Be,  Cr,  Al.  The  order  of  the  metals 
in  Krylova's  series,  representing  increasing  resistance  to  atmospheric  oxygen,  is  not  consistent  with  values  of  the 
Pilling -Be dworth  ratio.  In  this  series  magnesium  occupies  a  middle  position  next  to  nickel,  and  not  the  last 
position  which  it  might  be  expected  to  occupy  according  to  its  value  of  the  Ratio  (I). 

Krylova  evaluated  magnesium,  together  with  nickel,  as  being  a  metal  very  resistant  to  heat  up  to  +200”. 

In  our  investigation  the  rate  of  oxidation  (mg/cm^*  hour)  was  determined  by  the  method  commonly  used 
in  gas-phase  corrosion  tests  on  metals,  from  the  increase  in  weight  of  specimens  heated  in  air  at  200,  400,  560, 
600  and  625". 

Magnesium  rod  (impurities:  Fe  <  0.04*^,  Si  <  0.03‘^b,  Cu  <  0.01%,  Ni  <  0.001%,  Na  <  0.01%,  K  <  0.005%, 
Cl  <  0.005%)  cast  in  a  metallic  mold  was  cut  into  cylindrical  specimens  20  mm  in  diameter  and  30  mm  long, 
weighing  16-17  g  each.  The  specimens  were  cleaned  with  fine  emery  paper  and  rubbed  over  with  gasoline  and 
alcohol,  defective  specimens  (with  small  and  large  grooves,  scratches,  pits,  etc.,  being  rejected. 

In  order  to  avoid  possible  errors  caused  by  losses  of  the  oxide  film  by  cracking  and  peeling  from  the  metal, 
each  weighed  specimen  was  stood  in  a  porcelain  crucible,  previously  heated  to  constant  weight.  After  a  second 
control  weighing  the  crucibles  with  the  specimens  (usually  two  or  three  for  each  point)  were  placed  on  the  floor 
of  an  electric  resistance  muffle  furnace  connected  to  the  electricity  supply  through  an  automatic  temperature 
regulator.  Two  thermocouples  with  accurate  galvanometers  (±5”)  were  used  for  supplementary  and  control  de¬ 
terminations. 

The  usual  formula  was  used  for  the  calculations: 

Voxid  =  (mg/cm*- hour). 

Ofll 

where  Voxid  Is  the  rate  of  oxidation  (gas -phase  corrosion),  Sq  is  the  surface  area  of  the  metallic  specimen,  ^is 
the  time,  and  Q2  -Qi  is  the  difference  between  the  weights  of  the  specimen  after  and  before  the  experiment. 

The  main  experimental  results  are  given  in  the  table. 


Average  Rates  of  Oxidation  of  Magnesium  in  Air,  Calculated  from  Experimental  Data 


Temp. 

Average  rate  of  oxidation  (mg/cm^  •  hour)  at  the  n 

-th  minute  of  heating; 

of  expt. 
(’C) 

6-th 

8-th 

10-th 

15-th 

60-th 

90-th 

120-th 

180-th 

240-th 

360-th 

480-th 

200 

— 

— 

— 

— 

— 

- 

0 

- 

0 

0 

0 

400 

- 

- 

- 

- 

0 

- 

0 

0 

0 

0 

- 

560 

- 

- 

- 

- 

0 

- 

0 

0.07 

0.06 

- 

- 

600 

- 

- 

- 

- 

2.1 

3.6 

18.8 

Burns  at  the  180th  minute 

625 

10 

30 

i 

33 

Burns  at  the  15th  minute 

III 

1 

1 

1 

The  calculated  average  rate  of  oxidation  of  metallic  inagnesium  when  heated  to  400”  in  air  is  found  to 
be  0  (see  table). 


At  200  and  400”  there  was  no  destruction  of  the  specimens  as  the  result  of  gas -phase  corrosion  (oxidation). 

Appreciable  oxidation  (Vq^ij  >  0)  commences  after  two  hours  of  heating  at  560”,  and  after  the  first  few 
minutes  at  600  and  625”.  The  specimens  of  the  selected  shape  and  size  catch  fire  at  600”  at  the  180th  minute 
of  heating  (Voxid  ^  18  mg/cm* ‘hour)  and  at  625”  at  the  15th  minute  (Voxid  >  88  mg/cm** hour). 
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Comparison  of  our  calculated  values  for  of  magnesium  in  air  with  literature  data  on  the  oxidation 
rate  of  this  metal  at  550*  in  various  media  [4]  shows  that  Vg^id  ^^0*  is  considerably  lower  (0.24 

mg/cm^-  hour)  than  our  result  for  the  oxidation  rate  at  600  and  625*  in  air.  According  to  the  same  literature 
source,  the  rate  of  oxidation  in  50<yo  Oj  and  50*70  N2  at  550"  is  close  to  our  calculated  value  for  the  rate  of  oxida¬ 
tion  in  air  at  560*  (0.059  and  0.06-0.07  mg/cm** hour  respectively).  However,  it  follows  from  our  data  that  the 
oxidation  of  metallic  magnesium  in  air  at  200  and  400"  is  very  slight  (during  up  to  six  hours  of  heating  in  our 
experiments). 

Krylova’s  claim  [3]  that  magnesium  is  very  stable  to  heat  up  to  +200"  is  justified. 

As  stated  above,  Krylova's  paper  was  published  in  1938  [3],  but  her  evaluation  of  magnesium  as  a  ther¬ 
mally  stable  metal  up  to  +200"  was  ignored  in  the  specialist  literature  and  reference  works  during  the  subse¬ 
quent  years. 

According  to  our  results,  the  region  of  stability  of  magnesium  in  air  may  be  extended  to  +400*.  At  pres¬ 
ent,  metallic  magnesium  is  not  technically  regarded  as  a  heat-resistant  metal,  even  in  the  temperature  region 
considered  by  Krylova  (up  to  +200*). 

It  also  follows  from  these  results  that  the  Pilling -Bedworth  criterion  (I),  according  to  which  magnesium  is 
generally  classed  with  the  easily  oxidized  metals,  does  not  represent  orrectly  the  resistance  of  magnesium  to 
atmospheric  oxygen  at  moderately  high  temperatures. 

The  paper  cited  [3]  does  not  contain  curves  representing  the  course  of  oxidation  of  magnesium.  It  is  usu¬ 
ally  noted  in  modern  works  on  the  corrosion  of  metab  [1,  2]  that  the  oxidation  rate  (gas-phase  corrosion  in  air) 
of  magnesium  varies  linearly  with  time,  as  reported  by  Evans  for  the  oxidation  of  calcium  in  air  [1,  2]. 

We  may  note  that  in  his  1952  review  of  the  oxidation  of  metals  Waber  [5]  stated,  as  Krylova  did  in  1938, 
that  the  Pilling-Bedworth  criterion,  widely  used  in  modern  corrosion  theory,  is  a  rough  qualitative  characteristic 
and  is  only  partially  consistent  with  experimental  data  on  the  oxidation  of  many  metab  in  air. 

Waber's  paper  [5]  does  not  contain  any  experimental  data  on  the  oxidation  of  magnesium  in  air.  It  is 
stated,  however,  that  beyond  475*  the  oxidation  of  magnesium  follows  a  linear  law,  and  up  to  450*  it  follows  a 
parabolic  law.  It  is  known  from  the  theory  of  metal  corrosion  that  a  parabolic  course  of  oxidation  is  character¬ 
istic  for  resistant  metals,  for  which  the  Pilling-Bedworth  ratio  Wd/wD  >  1  (I),  but  not  for  metab  for  which 
Wd/wD  <  1. 

In  accordance  with  Equations  (II  and  III)  the  graphs  for  the  oxidation  of  magnesium,  plotted  from  experi¬ 
mental  data  in  weight  increase  (mg/cm^)  -  time  coordinates,  should  be  linear  in  the  region  of  moderately  high 
temperatures  abo. 

According  to  our  results,  and  those  of  Waber  [5],  the  oxidation  of  magnesium  is  linear  at  high  tempera¬ 
tures.  However,  in  the  region  of  moderately  high  temperatures  up  to  +400*  the  rate  of  oxidation  of  magnesium 
is  close  to  zero.  Consequently,  the  oxidation  curve  (weight  increase  in  mg/cm*  -  time)  is  close  to  the  abscissa 
axis. 

SUMMARY 

1.  The  evaluation  of  magnesium  as  a  metal  which  is  strongly  oxidized  in  air,  based  on  the  Pilling-Bed¬ 
worth  ratio  Wd/wD  <  1  (I),  is  inaccurate  for  the  region  of  moderately  high  temperatures. 

2.  In  the  temperature  region  up  to  +400"  magnesium  is  stable  in  air  (heat  resistant).  Magnesium  is  strongly 
oxidized  in  air  at  temperatures  above  500". 
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PREPARATION  OF  SILICON  TETRACHLORIDE  FROM  CARBON  TETRACHLORIDE 


M.F.  Shostakovskii.  D.A.  Kochkin  and  L.V.  Laine 


The  preparation  of  silicon  tetrachloride  by  the  action  of  chlorine  on  silicon  at  red  heat  [1]  or  by  the  action 
of  chlorine  on  iron-silicon  alloy  [2,3]  is  described  in  the  literature.  In  all  cases  the  reaction  must  be  carried 
out  at  a  high  temperature  (400-600*)  with  the  use  of  gaseous  chlorine.  We  have  developed  a  simple  method  for 
the  preparation  of  silicon  tetrachloride,  in  which  carbon  tetrachloride  is  passed  through  copper -silicon  alloy 
(20:80‘7o)  at  260-300*.  This  method  is  very  simple  and  safe,  and  may  be  recommended  as  a  method  for  the  lab¬ 
oratory  preparation  of  silicon  tetrachloride.  The  yield  of  silicon  tetrachloride  is  85-90<yoof  die  theoretical. 

Patnode  and  Schlessler  [4]  described  the  reaction  of  silicon  tetrachloride  with  a  10%  contact  mass  of  cop¬ 
per  and  silicon  at  200*,  with  the  formation  of  tetrach  lore  thy  lene  and  hexachlorodisilane  [4].  We  found  that, 
when  carbon  tetrachloride  is  passed  over  a  contact  mass  of  copper  and  silicon,  silicon  tetrachloride  is  always 
formed  in  quantitative  yield. 

The  formation  of  silicon  tetrachloride  may  be  represented  as  follows: 

CCl  +  Si - >  SiCl4  +  C. 

EXPERIMENTAL 

A  glass  reaction  tube,  20  mm  in  diameter  and  600  mm  long,  equipped  with  an  electric  heater  and  con¬ 
nected  to  a  dropping  funnel,  a  calcium  chloride  tube,  receiver,  and  trap,  was  filled  with  150  g  of  copper -silicon 
alloy  (20:80%).  80  g  of  carbon  tetrachloride  was  then  fed  from  the  dropping  funnel  at  260-300*,  at  a  rate  of 
20-30  ml/hour.  The  reaction  products  were  collected  in  a  receiver  cooled  by  a  mixture  of  ice  and  salt,  and  in 
a  trap  immersed  in  a  mixture  of  solid  carbon  dioxide  and  acetone.  96  g  of  condensate  was  collected;  75.5  g 
of  silicon  tetrachloride  was  isolated  from  this  by  fractionation  through  a  column  (b.p.  57.3*  at  740  mm).  Found 
Cl  84.0,  83.8%  (by  the  Volhard  method);  calculated  Cl  83.40%;  together  with  a  small  amount  of  tetrachloro- 
ethylene  CI2C  =  CClj  (about  1%).  The  yield  of  silicon  tetrachloride  was  85%  of  the  theoretical  yield  calculated 
on  carbon  tetrachloride. 

Carbon  was  found  in  the  tube  after  the  reaction.  The  synthesis  is  accompanied  by  considerable  evolution 
of  heat.  For  smoother  synthesis,  dilution  of  the  carbon  tetrachloride  vapor  with  nitrogen  (1:1)  may  be  recom¬ 
mended.  The  high-boiling  reaction  products  are  viscous  tarry  compounds. 

SUMMARY 

1.  Silicon  tetrachloride  is  formed  in  quantitative  yield  when  carbon  tetrachloride  is  passed  through  a  con¬ 
tact  mass  of  copper  and  silicon  (20:80%)  at  260-300*. 

2.  This  method  is  recommended  for  the  laboratory  preparation  of  silicon  tetrachloride. 
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CRYSTALLIZATION  OF  MELTS  IN  THE  SYSTEM  FeS-Co4S3 

N.G.  Moleva,  P.S.  Kusakin,  E.A.  Vetrenko  and  N.P.  Diev 
Institute  of  Chemistry  and  Metallurgy.  Urals  Branch,  Academy  of  Sciences  USSR 


Native  cobalt  minerals  are  often  associated  with  pyrite  and  pyrrhotine.  Mattes  with  iron  sulfide  as  the 
principal  constituent  are  often  processed  in  cobalt  metallurgy. 

It  was  of  interest  to  determine  what  phases  are  formed  when  iron  and  cobalt  sulfides  are  melted  together, 
and  how  the  physicochemical  properties  of  melts  in  the  system  iron  sulfide-cobalt  sulfide  vary  with  the  compo¬ 
sition. 


This  investigation  was  in  progress  when  the  papers  by  Vogel  and  Au  [1],  Asanti  and  Kohlmeyer  [2],  Cur- 
look  and  Pidgeon  [3],  and  Vogel  and  Fridrich  [4]  appeared  in  print.  However,  their  published  data  differ  from 
ours. 


The  system  FeS-Co4S3  was  investigated,  as  preliminary  experiments  suggested  that  this  particular  sulfide 
of  cobalt  is  the  most  stable  at  temperatures  above  900*.  This  is  confirmed  by  Rosenquist's  calculations  [5],  ac¬ 
cording  to  which  the  thermodynamic  potential  of  formation  is  more  negative  for  C04S3  than  for  any  other  possi¬ 
ble  sulfides  of  cobalt  in  the  850-1200*  range. 

The  following  methods  were  used:  thermographic  analysis,  qualitative  and  quantitative  microstructural 
analysis  [6],  dilatometry,  and  specific  gravity  determination. 

The  results  of  thermal  (Table  1)  and  microstructural  analysis  were  used  to  plot  the  phase  diagram  for  the 
system  FeS-C04S3  (Figure  1). 

The  investigation  showed  that  the  sulfides  of  iron  and  cobalt  are  completely  miscible  in  the  liquid  state, 
and  have  limited  mutual  solubility  in  the  solid  state.  The  liquidus  lines  AC  and  CB  intersect  at  the  eutectic 
point  C,  corresponding  to  23.1°Jo  FeS  and  76.370  C04S3.  The  melting  point  of  the  eutectic  is  897*. 

The  system  can  be  divided  into  three  regions  according  to  the  structure  of  the  mixtures:  1)  the  region  of 
existence  of  a  solid  solution  of  cobalt  sulfide  in  iron  sulfide  (the  B  phase);  it  has  a  cream  color  by  reflected 
light,  and  becomes  dark  brown  when  etched  with  oxalic  acid;  2)  the  region  of  existence  of  a  solid  solution  of 
iron  sulfide  in  cobalt  sulfide  (the  a  phase);  this  has  a  pale  cream  color  with  a  pink  tinge  by  reflected  light, 
and  is  etched  by  nitric  acid  only;  3)  the  region  of  coexistence  of  both  types  of  mixed  crystals,  in  which  the 
structure  of  the  system  consists  of  primary  crystals,  of  the  a  or  fl  phases  (according  to  the  position  relative  to 
the  eutectic  point)  surrounded  by  a  eutectic  of  the  same  solid  solutions. 

Figure  2a  shows  the  structure  of  the  system  containing  9%  C04S3,  which  belongs  to  the  region  of  the  B 
phase.  The  structure  of  systems  in  the  region  of  the  ot  phase  is  similar. 

The  composition  containing  28.77*  C04S3  at  high  temperatures  belongs  to  the  region  of  the  B  solid  solution 
by  its  structure,  but  on  cooling  it  passes  into  the  two-phase  region.  The  primary  grains  of  the  B  phase  decom¬ 
pose  with  liberation  of  the  a  phase.  At  room  temperature  the  system  assumes  the  structure  shown  in  Figure  2b. 

Figure  2c  shows  the  microstructure  of  a  mixture  containing  557*  C04S3,  which  belongs  to  the  two -phase 
eutectic  region.  In  all  this  region  the  a  phase  is  the  principal  part  of  the  binary  eutectic  surrounding  the  pri¬ 
mary  grains. 
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TABLE  1 


Results  of  Thermal  Analysis  of  Mixtures  in  tfie  System  FeS-Co4Sj 


Contents  ( 

FeS 

wt.  %) 

COiSs 

Critical  points  on  the  cooling  curves  ("C) 

100.0 

1206 

996 

86.4 

14.6 

1186 

1016 

— 

— 

82.0 

18.0 

1170 

1010 

— 

— 

78.6 

21.4 

1165 

990 

— 

— 

73.5 

26.1 

1156 

940 

— 

— 

66.9 

33.1 

1125 

— 

— 

— 

69.6 

40.4 

1100 

— 

820 

— 

48.8 

51.2 

1080 

900 

816 

— 

46.0 

66.0 

1056 

896 

820 

— 

40.1 

69.9 

1020 

900 

820 

786 

37.4 

62.6 

1006 

896 

820 

780 

29.0 

71.1 

965 

900 

820 

785 

21.9 

78.1 

910 

896 

816 

785 

20.6 

79.4 

916 

900 

820 

785 

14.0 

86.0 

920 

— 

S26 

780 

10.9 

89.1 

926 

— 

820 

786 

7.9 

92.1 

930 

— 

830 

790 

3.4 

96.6 

935 

— 

830 

790 

100.0 

936 

830 

790 

TABLE  2 


Effects  of  Heat  Treatment  on  the  Contents  of  a*  and  B-  Phases  in  the 
Mixtures 


Chemical  com¬ 
position  (in  wt.  io) 

Contents  of  phases  (in  wt.  %)  in  melts 

quenched  at  890* 

slowly  cooled 

FeS 

co,s. 

P 

a 

P 

a 

29.0 

71.0 

31.7 

68.3 

19.5 

78.9 

37.4 

62.6 

44.6 

55.4 

29.8 

69.1 

40.1 

59.9 

53.0 

47.0 

38.6 

59.9 

45.0 

65.0 

66.2 

33.8 

49.2 

50.8 

48.8 

61.2 

68.5 

31.6 

The  contents  of  the  phases  in  mixtures  chilled  at  the  eutectic  temperature,  and  slowly  cooled  to  room 
temperature,  were  calculated  widi  the  aid  of  an  integrating  stage. 

The  effects  of  heat  treatment  on  the  contents  of  the  a  and  B  solid  solutions  in  the  mixtures  are  given  in 
Table  2.  For  conversion  of  the  volume  ratios  of  the  phases  into  weight  ratios,  the  densities  of  the  phases  were 
determined;  the  density  of  the  a  phase  was  5.25,  and  of  the  6  phase,  4.4. 

The  lever  rule  [7]  was  then  applied  to  determine  the  coordinates  of  the  ^ints  corresponding  to  saturated 
solid  solutions. 

Calculations  based  on  the  results  of  quantitative  microstructural  analysis  showed  that  the  saturated  a  solid 
solution  at  the  eutectic  temperature  contains  19. 7*70  of  iron  sulfide  and  80.3‘7>of  cobalt  sulfide  (Figure  1,  Point  F), 
and  the  B  solid  solution  contains  57.6^01  iron  sulfide  and  42A^oof  cobalt  sulfide  (Figure  1,  Point  D). 
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The  saturated  0  solid  solution  decomposes  as  the  temper¬ 
ature  decreases,  with  liberation  of  the  a  phase,  and  therefore  at 
room  temperature  the  solid  solution  contains  only  24.5*7000483; 
the  composition  of  the  a  phase  is  little  influei*r.ed  by  the  tem¬ 
perature. 

The  cooling  curves  for  the  mixtures  were  found  to  have 
two  maxima,  indicating  exothermic  reactions  in  the  solid  state. 
The  two  heat  effects,  observed  at  770-790“  and  820-835“  (Figure 
1)  are,  in  our  opinion,  associated  with  polymorphic  transitions 
of  cobalt  sulfide  contained  in  the  a  solid  solution.  This  is  sup¬ 
ported  by  the  fact  that  analogous  reactions  take  place  in  the 
binary  system  cobalt— sulfur  at  790“  and  835“,  and  by  the  fact 
that  the  heat  effect  decreases  with  decreasing  content  of  co¬ 
balt  sulfide  in  the  mixtures. 

Dilatometric  measurements  on  samples  of  mixtures  in  the  systems  FeS-C04S3  and  Co-S  showed  that  a 
volume  increase  occurs  on  cooling  in  both  systems  in  the  same  temperature  range. 

The  reaction  at  770-790“  in  the  system  FeS-C04S3,  as  in  the  system  Co-S,  is  associated  with  the  decom¬ 
position  of  C04S3;  this  was  confirmed  by  microstrucmral  analysis.  The  nature  of  the  reactions  at  820“  was  not 
elucidated. 


Fig.  1.  Phase  diagram  of  the  system.  Ex¬ 
planation  in  text. 


Fig.  2.  Microstructure  of  mixtures  in  the  system  FeS— C04S3.  Contents  of  CO4S3  in  mix¬ 
tures  (in  wt.  ‘7o):  a)  9;  b)  28.7;  c)  55. 


SUMMARY 

1.  The  sulfides  of  iron  and  cobalt  have  considerable  mutual  solubiUty  in  the  solid  state. 

2.  When  melts  in  the  system  FeS— C04S3  are  cooled,  the  pure  components  do  not  crystallize,  and  only 
mixed  crystals  are  deposited. 

3.  The  eutectic  consists  of  solid  solutions  of  the  sulfides. 

4.  The  solid-state  reactions  in  the  system  FeS-Co4S3  involve  transitions  of  cobalt  sulfide.  Mixtures  with¬ 
out  the  phase  rich  in  cobalt  sulfide  do  not  undergo  transitions  in  the  solid  state. 

5.  Three  curves  intersect  at  the  eutectic  point,  in  harmony  with  the  phase  rule,  whereas  in  the  phase  dia¬ 
gram  plotted  by  Vogel  and  Au  [1]  five  curves  intersect  at  one  point. 

In  conclusion,  it  is  our  duty  to  express  our  gratitude  to  Prof.  V.V.  Lapin  and  Engineer  E.S.  Serebrennikova 
for  valuable  help  in  f)etrographic  analysis  of  the  mixtures. 
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STATIC  METHOD  FOR  DETERMINATION  OF  THE  VAPOR  PRESSURE  OF  A  SOLUTION 


N.A.  Kupina  and  A. A.  Ravdel 


The  static  method  for  determination  of  vapor  pressures,  first  used  by  Babo  [1],  and  improved  by  a  number 
of  workers  [2-10],  has  the  advantage  that  the  vapor  pressure  of  a  once -prepared  system  can  be  measured  at  any 
temperature. 

The  purpose  of  this  paper  is  to  describe  some  peculiarities  in  the  use  of  this  method,  and  to  describe  its 
use  for  measurements  at  temperatures  below  0“.  The  apparatus  shown  in  Figure  1  was  used.  Its  operating  prin¬ 
ciple  was  as  follows:  the  vapor  pressure  in  an  enclosed  space  is  transmitted  to  the  mercury  in  the  manometer 
tube  1,  which  serves  as  the  null  instrument.  This  pressure  is  equalized  by  the  external  pressure,  and  is  read  off 
on  the  closed  barometer  2  by  means  of  a  cathetometer.  The  supply  of  air  to  the  system  is  regulated  by  means  of 

the  stopcocks  3,  4  and  5.  The  three-way  stopcock  3  is 
^  connected  to  a  capillary  through  which  air  may  be  pumped 

out  or  admitted  slowly  and  smoothly.  The  null  instrument 
is  contained  in  a  thermostat,  so  that  the  liquid  and  vapor 
phases  are  maintained  at  the  same  temperature.  The  ves¬ 
sel  used  for  the  determination  is  placed  in  the  thermo¬ 
stat  6.  The  liquid  under  investigation  is  poured  into  the 
bulb  7.  The  amount  put  in  is  determined  by  the  amount 
of  substance  required  for  analysis  after  measurement  of 
the  pressure.  At  the  same  time  enough  mercury  is  put 
into  the  bulb  8  to  fill  about  half  the  manometer  tube  1. 

Its  diameter  should  be  not  less  than  10-11  mm,  to  ex¬ 
clude  the  influence  of  capillary  forces. 


Diagram  of  the  apparatus:  1)  null  instrument; 
2)  measuring  manometer;  3,4,5)  vacuum  cocks 
for  regulation  and  supply  of  air;  6)  thermostat; 
7)  bulb  for  solution;  8)  bulb  for  mercury;  9) 
connecting  tube;  10)  vacuum  cock;  11)  buffer 
vessel. 


The  principal  difficulty  lies  in  complete  removal 
of  the  air  dissolved  in  the  liquid.  This  is  effected  as  fol¬ 
lows:  the  bulb  7  is  three-quarters  filled  with  the  solution 
and  the  upper  end  of  the  bulb  is  sealed  so  that  the  end 
does  not  project  above  the  liquid  in  the  thermostat.  Mer¬ 
cury  Is  poured  into  the  bulb  8,  and  a  piece  of  rubber  tub¬ 
ing  is  attached  to  the  tube  9.  The  solution  in  bulb  7  is  boiled  until  one -third  of  the  liquid  has  boiled  away  (30- 
40  minutes).  This  is  best  done  with  the  aid  of  a  gas  burner,  the  bulb  being  heated  uniformly  from  below,  above, 
and  the  sides.  If  the  heating  is  irregular,  solution  may  spatter  over  in  the  manometer  tube  1,  leading  to  deposi¬ 
tion  of  salt  in  the  tube  after  evaporation  of  the  water,  which  makes  it  difficult  to  observe  the  mercury  meniscus. 
The  boiling  is  stopped  and  the  closed  vacuum  stopcock  is  at  once  inserted  into  the  rubber  tubing.*  The  hot  solu¬ 
tion  is  then  cooled  rapidly.  The  cooling  is  necessary  in  order  to  prevent  the  solution  from  splashing  over  into  the 
manometer  tube  when  the  vacuum  pump  is  turned  on.  The  cooling  should  preferably  be  rapid. 

During  the  rapid  cooling  part  of  the  water  condensed  in  the  manometer  tube  distills  back  into  the  bulb  7. 
The  cooled  solution  is  smoothly  connected  to  the  vacuum  pump  by  means  of  the  stopcock.  The  evacuation  is 


•It  is  possible  to  boil  the  solution  with  the  stopcock  inserted  in  the  tubing,  the  stopcock  being  shut  immediately 
after  the  boiling  is  ended.  However,  the  vapor  from  the  boiling  liquid  condenses  in  the  stopcock.  This  removes 
the  grease  and  the  tap  may  leak.  The  removal  of  water  from  the  stopcock  is  a  long  operation. 
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continued  until  moisture  has  been  completely  removed  from  the  tube  1  and  bulb  8.  With  the  pump  still  working 
mercury  is  poured  from  the  bulb  8  into  the  tube  1,  the  stopcock  5  is  closed,  and  the  vessel  is  disconnected  from 
the  pump.  The  vessel  prepared  in  this  manner  is  connected  to  the  measuring  system.  The  apparatus  is  evacuated 
with  the  stopcock  10  shut  and  3  and  5  open,  after  which  the  stopcock  10  is  opened. 

In  our  experiments  two  vessels  with  the  same  solution  were  connected  to  the  measuring  system  by  means 
of  a  T-joint. 

The  manometer  tubes  of  the  vessels  are  placed  against  a  background  of  frosted  glass  illuminated  from  be¬ 
hind  with  low-power  lamps.  The  closed  manometer  is  illuminated  from  behind  with  a  daylight  lamp.  A  win¬ 
dow  for  observation  of  the  null  instrument  was  made  in  the  thermostat.  For  measurements  at  low  temperatures 
(down  to  —10”)  the  thermostat  is  filled  with  a  mixture  of  methyl  alcohol  and  water  (1:4). 

The  mixture  is  first  cooled  in  a  large  tank.  If  the  temperature  of  the  previously  cooled  mixture  is  higher 
than  is  required  for  the  experiment,  it  is  additionally  cooled  in  the  thermostat  with  the  aid  of  U -tubes  packed 
with  a  mixture  of  ice  and  salt  (eutectic  at  -22*).  The  cooling  was  fairly  rapid.  For  example,  a  volume  of  25 
liters  was  cooled  from  0  to  -6“  in  1.5-2  hours  by  means  of  two  copper  U-tubes  320  mm  high  and  55  mm  inter¬ 
nal  diameter.  The  tubes  were  placed  into  the  thermostat  alternately. 

The  temperature  in  the  thermostat  was  maintained  to  within  ±0.02*  by  means  of  a  combination  of  U-tubes 
and  a  heater  with  a  toluene  thermoregulator.  The  temperature  is  raised  by  means  of  a  heater  of  the  enclosed 
type.  Air  is  cautiously  admitted  during  the  heating,  to  avoid  mercury's  being  thrown  over  from  the  manometer 
tube. 

After  the  measurements  the  stopcock  of  the  vessel  containing  the  solution  is  closed  and  the  vessel  is  dis¬ 
connected  from  the  system.  The  bulb  7  is  opened  and  the  concentration  of  the  solution  determined  (by  titration 
and  pycnometrically). 

The  following  results  were  obtained  (P  in  mm  Hg): 


System 

NaCl-HjO.  t 

=  -6* 

moles  NaCl 
1000  g  HjO 

P  found 

P  from  liter¬ 
ature  data 

2.205 

2.70±0.00 

2.70 

2.745 

2. 63  ±0.02 

2.64 

3.215 

2.58±0.02 

2.58 

4.705 

2.40  ±0.00 

2.41 

5.655 

2.23±0.02 

- 

System 

C0CI2  “HjO, 

t  =  +  25* 

moles  CoClj 
1000  g  HjO 

P  found 

P  from  liter 

ature  data 

0.873 

22.63  ±0.02 

22.65 

1.115 

22. 25  ±0.05 

22.27 

1.501 

21.40±0.05 

21.50 

2.058 

20. 20  ±0.00 

20.30 

The  accuracy  of  this  metiiod  at  low  temperatures  is,  as  a  rule,  ±0.5%  At  high  temperatures  it  is  ±0.2-0.3‘?l«. 
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LAWS  OF  MASS  TRANSFER  IN  ADSORPTION* 


I.V.  Liubimov  and  N.I.  Smirnov 

Department  of  the  Technology  of  Fundamental  Organic  Synthesis  and  Synthetic  Rubber, 
the  Lensoviet  Technological  Institute,  Leningrad 


As  the  result  of  a  study  of  the  adsorption  of  a  number  of  unsaturated  hydrocarbons  on  active  carbon,  Regak 
and  one  of  the  present  authors  [1,  2]  derived  a  criterial  equation  for  mass  transfer  in  adsorption.  For  AG  carbon 
with  an  active  surface  of  700-800  mVg  and  average  grain  diameter  1.5  mm,  this  equation  was  of  the  form: 

Ki  =0.21  •  (1) 

We  did  not  consider  our  studies  of  mass  transfer  in  adsorption  completed  by  derivation  of  this  equation. 

The  expression  for  the  Kirpichev  diffusion  criterion  Ki*  included  the  mass  transfer  coefficient  fl,  with  the  dimen¬ 
sions  m/second,  representing  the  amount  of  substance  (in  kg)  adsorbed  per  unit  time  (in  seconds)  by  unit  active 
surface  of  the  carbon  (in  m*)  for  an  average  driving  force  (in  kg/m*)  of  unity.  It  is  difficult  to  use  the  criterial 
equation  with  the  mass  transfer  related  to  the  active  surface  of  the  sorbent,  as  in  many  actual  instances  the  ac¬ 
tive  surface  of  the  sorbent  is  not  known,  and  it  is  not  always  possible  to  determine  it  by  simple  and  available 
methods.  The  mass-transfer  equation  would  be  more  convenient  and  easier  to  use  if  the  mass-transfer  coeffi¬ 
cient  0  was  expressed  in  seconds'^,  i.e.,  if  it  was  considered  as  the  amount  of  substance  sorbed  per  unit  time  by 
unit  volume  of  the  sorbent  with  a  driving  force  of  unity. 

Further,  the  criterial  equation  included  the  Fourier  diffusion  criterion  Fo*  with  a  very  small  exponent,  i.e., 
with  a  value  very  close  to  some  constant  quantity.  It  was  therefore  hoped  to  simplify  the  criterial  equation  by 
elimination  of  the  Fourier  criterion.  The  influence  of  the  Prandtl  diffusion  criterion  Pr*  in  Equation  (1)  likewise 
could  not  be  taken  into  account  accurately  enough,  because  the  diffusion  coefficients  of  the  substances  adsorbed 
on  the  carbon  in  the  experiments  were  similar.  Finally,  the  criterial  Equation  (1)  did  not  express  the  relationship 
between  mass  transfer  and  the  particle  size  of  the  carbon,  as  all  the  experiments  were  performed  with  carbon  of 
the  same  grain  size. 

Additional  experiments  were  carried  out  in  order  to  derive  a  more  perfect,  exact,  and  simplified  equation 
for  mass  transfer,  with  all  the  above  comments  taken  into  account,  i.e.,  to  derive  an  expression  of  the  form 

Ki'=  aRe*Pr'^ClT'{T\ ,  ( 2) 

In  Equation  (2)  Ki*  is  the  Kirpichev  diffusion  criterion,  equal  to  0dVD;  0  is  the  coefficient  of  mass  transfer  (in 
sec"^);  d  is  the  diameter  of  the  apparatus  (in  m);  D  is  the  coefficient  of  diffusion  (in  mVsec);  Re  is  the  Reynolds 
criterion,  equal  to  wd/iz;  w  is  the  linear  velocity  of  the  gas  mixture  calculated  on  the  full  section  of  the  appa¬ 
ratus  (in  m/sec);  v  is  the  coefficient  of  kinematic  viscosity  of  the  gas  mixture  (in  mVsec);  Pr*  is  the  Prandtl 
diffusion  criterion,  equal  to  i//D;  Cn  is  the  criterion  of  similarity  of  the  concentration  fields  (in  Equation  (1)  it 
is  equal  to  the  volume  fraction  of  the  sorbed  substance  in  the  gas  mixture,  and  in  Equation  (2)  it  is  equal  to  c/Af); 
c  is  the  concentration  of  the  sorbed  substance  in  the  gas  mixture  (in  kg/m*);  Af  is  the  average  driving  force. 
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equal  to 


lnas/(as  -aj) 


(in  kg/m*);  a^j  is  the  dynamic  activity  of  the  adsorbent  (in  kg/m*);  as  is  the  static  ac¬ 


tivity  of  the  adsorbent  (in  kg/m*);  Tj  is  the  first  criterion  of  geometric  similarity,  equal  to  dA;  h  is  the  height 
of  the  layer  of  carbon  in  the  apparatus;  Pz  is  the  second  criterion  of  geometric  similarity,  equa’  to  dg/d;  dg  is 
the  average  determining  grain  size  of  the  adsorbent  (in  m). 

Air  saturated  with  water  vapor  was  chosen  as  the  most  convenient  material  for  separation  by  means  of  solid 
sorbents,  and  the  sorbent  was  ShSM  silica  gel  with  2.15  and  2.5  mm  grains.  In  addition,  the  sorption  of  water 
vapor  by  alumina  gel  with  2.18  mm  grains  from  mixtures  with  air,  of  benzene  vapor  by  ShSM  silica  gel  and  by 
AG  activated  carbon  from  air,  and  carbon  tetrachloride  vapor  by  AG  carbon  from  air,  was  studied.  The  grain 
size  of  the  carbon  was  1.5  mm  in  both  cases.  The  total  number  of  experiments  was  200,  mainly  on  the  sorption 
of  water  vapor  from  air  by  silica  gel. 

The  apparatus  used  for  the  experiments  was  similar  to  that  described  previously  [2],  with  the  difference 
that  atmospheric  air  drawn  in  through  a  flask  containing  some  water  became  saturated  with  water  vapor,  and 
then  passed  to  the  sorption  tube.  This  flask  was  immersed  in  a  water  bath  kept  at  an  accurately  controlled  tem¬ 
perature  (20*).  The  air  emerging  from  the  adsorption  tube  then  passed  to  an  instrument  for  determination  of  the 
instant  of  breakthrough.  This  instrument  was  made  in  the  workshops  of  the  Leningrad  Technological  Institute;  it 
indicated  the  instant  of  breakthrough  by  the  misting  of  a  mirror  cooled  to  —65*  when  air  emerging  from  the  ad¬ 
sorption  tube  passed  over  it.  Thus,  in  our  apparatus  the  quantity  of  air  passed  through  was  determined  from  the 
gas  meter  readings;  the  velocity  of  the  gas  stream  was  checked  by  means  of  a  rheometer;  the  amount  of  sorbed 
water  vapor  was  calculated  from  the  weight  increase  of  the  sorption  tube,  and  the  concentration  of  water  vapor 
in  the  air  was  calculated  from  the  amounts  of  air  passed  through  and  the  water  sorbed.  The  air  temperature  and 
pressure  were  ako  recorded  during  the  experiments. 

The  adsorption  tubes  were  either  about  15  mm  or  24  mm  in  diameter.  These  diameters  were  measured 
accurately  in  each  experiment.  The  height  of  the  sorbent  layer  was  also  varied,  from  40  to  200  mm;  this  was 
measured  in  each  experiment  after  the  tube  had  been  filled  and  tapped  lightly  on  the  side. 

Results  of  Experiments  on  the  Sorption  of  Water  Vapor  from  Air  by  Silica  Gel 


degree  of  saturation  of  the  sorbent  by  the  sorbate  under  the  given  hydrodynamic  conditions,  for  given  geometric 
characteristics  of  the  layer  of  sorbent,  and  for  a  given  concentration  of  the  adsorbed  substance  in  the  original 
gaseous  mixture.  For  calculation  of  the  average  driving  force  it  was  also  necessary  to  know  die  static  activity 
of  the  sorbent,  aj.  The  static  activity  was  taken  to  mean  the  maximum  saturation  of  the  sorbent  when  a  definite 
weight  of  it  was  kept  over  a  layer  of  the  liquid  sorbate  in  a  desiccator  until  its  weight  became  constant  at  20*. 
This  definition  of  static  activity  is  probably  not  very  accurate,  as  the  possibility  of  capillary  condensation  of  the 
vapor  was  not  excluded  in  addition  to  true  adsorption. 

In  illustration,  the  table  contains  the  conditions  and  results  of  one  series  of  experiments  on  the  sorption  of 
water  vapor  from  air  by  silica  gel  with  2.15  mm  grains.  The  experiments  were  performed  at  air  temperature 
19-21*,  atmospheric  pressure  754-764  mm,  in  a  tube  15.5  mm  in  diameter,  with  a  layer  of  sorbent  89  mm  high. 
The  static  activity  of  the  silica  gel  used  in  these  experiments  was  220  kg/m*. 

Data  on  the  viscosities  of  the  gas  mixtures  and  the  coefficients  of  diffusion  of  the  sorbed  component  into 
the  air  are  needed  for  calculation  of  the  similarity  criteria.  Data  on  the  kinematic  viscosity  of  moist  air  were 
taken  from  the  Chemist's  Reference  Book  [3],  and  data  on  the  coefficients  of  diffusion  of  water  vapor  in  air  at 
0  and  16.1*,  from  the  Technical  Encyclopedia  [4].  The  diffusion  coefficients  for  other  temperatures  were  found 
by  extrapolation. 

Analysis  of  the  experimental  results  given  in  the  table,  and  of  numerous  other  results,  showed  that  the  cri¬ 
teria!  Expression  (2)  may  be  represented  by  the  equation: 

Ki'  =  Re  •  Pr’  •  Cn  •  Fj.  (3) 

The  accuracy  of  this  expression  may  be  estimated  by  comparison  of  the  last  two  columns  of  tiie  table.  Ex¬ 
cellent  agreement  between  the  experimental  and  calculated  values  of  Ki'  was  found  in  all  our  other  experiments, 
as  in  all  Regak's  experiments  reported  earlier  [2], 

The  form  of  Equation  (3)  was  somewhat  unexpected,  and  it  was  therefore  decided  to  confirm  it  by  theoret¬ 
ical  derivation.  This  was  based  on  the  equation  for  the  material  balance  of  the  adsorption  process,  which  may  be 
formulated  as  follows:  the  amount  of  substance  adsorbed  from  the  gas  mixture  up  to  the  instant  of  breakthrough 
is  equal  to  the  amount  of  substance  in  the  gas  mixture  which  passed  through  the  apparatus  up  to  the  instant  of 
breakthrough.  If  _t  is  the  time  of  adsorption  up  to  breakthrough,  in  seconds  (the  "time"  of  protective  action")  and 
V  is  the  volume  occupied  by  the  sorbent  in  the  apparatus,  the  balance  may  be  formulated  as  follows: 

n 

fi  •  V  ‘  iic  •  t  =  w  •  ‘  t  •  e 


P  •  -  h  •  Lc  •  t  =  w  •  •  t  -  c. 

It  is  easy  to  show  that  by  simple  algebraic  transformation  this  can  be  written  as: 

pd2 _ V  c  d 

D  V  D  h  ' 


(4) 


Equation  (4)  is  identical  with  Equation  (3),  and  therefore  both  these  equations  are  not  only  the  experimental 
but  also  the  theoretical  equations  for  mass  transfer  in  adsorption.  Equations  (3)  and  (4)  may  be  written  in  even 
simpler  criterial  form,  namely: 

pA  c 


and  hence 


Ac  •  h 


(6) 
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This  means  that  the  coefficient  of  mass  transfer  in  adsorption  is  directly  proportional  to  the  concentration 
of  the  substance  being  adsorbed  from  the  gas  mixture  and  the  velocity  of  the  latter,  and  inversely  proportional 
to  the  average  driving  force  and  the  height  of  the  adsorbent  layer. 

Other  interesting  relationships  may  be  derived  from  the  material  balance  equation.  The  most  interesting 
is  the  relationship  between  the  dynamic  activity  of  the  sorbent  and  the  other  process  variables.  From  the  fun¬ 
damental  formulation  of  the  material  balance  equation,  we  can  write: 


and  hence 


or 


or,  even  more  briefly 


^  ‘  h  =  w  ‘  •  t  •  c, 

^  wd  V  Dt  d 

c  V  D  d^  h  ' 

^  = 
c  h  ' 


(7) 

(7a) 


(8) 


Interesting  though  Equations  (3).  (4),  (7)  and  (8)  are,  they  are  difficult  to  use  in  practice.  The  first  two 
contain  the  average  driving  force  of  the  process,  in  addition  to  other  variables.  Its  determination  requires  a 
knowledge  of  the  dynamic  activity  of  the  sorbent.  However,  if  the  dynamic  activity  of  the  sorbent  is  known, 
determination  of  the  mass  transfer  coefficient  is  not  necessary  for  calculation  of  the  adsorption  process.  There¬ 
fore,  in  order  to  obtain  a  convenient  practical  equation  for  mass  transfer  in  adsorption.  Equations  (3)  or  (4)  must 
be  modified  so  as  to  contain,  instead  of  the  criterion  c/Af,  some  other  concentration  criterion  which  does  not  in¬ 
clude  the  average  driving  force.  Our  attempt  to  do  this  is  described  below.  On  the  other  hand.  Equations  (7) 
and  (8)  contain  two  interdependent  variables,  and  it  is  not  permissible  to  take  arbitrary  values  of  them  simul¬ 
taneously. 

We  studied  the  possibility  of  modifying  Equation  (3)  by  replacement  of  the  concentration  criterion  c/Af  by 
the  criterion  C,  which  is  the  molar  fraction  of  the  sorbate  in  the  gas  mixture,  or  by  the  criterion  c/ag.  In  the 
former  case,  extensive  experimental  results  in  addition  to  those  given  in  the  table  led  to  the  equation 

Ki'  —  2ARe  •  Pr'CZ.Ur^  (9) 


and  in  the  latter  case,  to  the  equation: 


Ki'  =  2.1RePr'  — 

\“d 

The  deviation  between  the  experimental  values  and  the  values  calculated  from  these  equations  does  not 
exceed  i8<yoin  the  great  majority  of  cases,  so  that  they  can  be  recommended  for  practical  use. 

SUMMARY 

1.  A  criterial  equation  for  mass  transfer  in  adsorption  has  been  derived  and  theoretically  confirmed.  For 
more  convenient  practical  use,  the  theoretical  equation  is  given  in  two  modified  forms. 

2.  Several  new  expressions  are  given,  connecting  the  coefficient  of  mass  transfer  and  the  dynamic  activity 
of  an  adsorbent  with  other  process  variables. 

3.  It  is  shown  that  the  coefficient  of  mass  transfer  in  adsorption  is  directly  proportional  to  the  concentra¬ 
tion  of  the  substance  in  the  gas  and  the  gas  velocity,  and  inversely  proportional  to  the  average  driving  force  and 
the  height  of  the  sorbent  layer. 


\i.i 

)  (10) 
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4.  It  is  shown  that  the  dynamic  activity  of  a  sorbent  is  directly  proportional  to  the  gas  velocity,  the  time 
of  protective  action,  and  the  gas  concentration,  and  inversely  proportional  to  the  height  of  die  sorbent  layer. 
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ZINC  COATING  IN  AN  AMMONIACAL  ELECTROLYTE 

V.I.  Semeriuk  and  G.A.  Emel'ianenko 
The  State  University,  Dnepropetrovsk 


The  electrolytic  process  for  coating  of  metals  with  zinc  is  widely  used  in  modern  industry.  Acid,  alkaline 
cyanide, and  alkaline  cyanide-free  electrolytes  [1]  are  used.  For  the  coating  of  articles  of  complex  configuration, 
Levin's  electrolyte  [2]  is  of  the  most  interestamong  the  cyanide-free  electrolytes. 

Tests  showed,  however,  that  despite  literature  reports  [2],  the  throwing  power  of  this  electrolyte  is  not  high 
(see  table).  Moreover,  at  current  densities  above  0.6  amp/dm*  dark  or  spongy  deposits  of  zinc  are  generally 
formed  on  steel. 

We  have  therefore  tested  a  new  variation  of  ammoniacal  electrolyte.*  Its  optimum  composition  is  (in 
g/liter):  ZnS04‘7Hj0  60-65,  NH4CI  150,  H3BO3  20,  NH3  20-25**  gelatin  2  (introduced  after  addition  of  ammo¬ 
nia);  pH  ~  10. 

The  polarization  characteristics  of  the  electrolyte  without  added  gelatin  (Curve  1)  and  with  2  g  of  gelatin 
per  liter  (Curve  2)  are  shown  in  Figure  1.  Curves  for  variations  of  the  anode  potential  (3  and  4),  and  polarization 
curves  for  hydrogen  evolution  from  the  "background"  solution***  (5  and  6)  are  plotted  in  the  same  diagram. 


The  method  of  determination  of  the  polarization  data  dif¬ 
fered  little  from  that  described  previously  [3], 


Fig.  1.  Polarization  curves  in  ammoni¬ 
acal  electrolyte;  I)  without  gelatin;  II) 
with  gelatin.  The  curves  are  explained 
in  the  text. 


The  experimental  conditions  were:  the  cathode,  a  zinc 
plate  (2  cm*)  was  coated  with  a  fresh  compact  deposit  of  zinc 
from  the  solution  under  investigation,  prior  to  the  experiment;  the 
two  plane  anodes  were  made  of  electrolytic  zinc  (4  cm*);  the 
volume  of  electrolyte  was  0.5  liter;  the  temperature  was  17-20®; 
the  reference  electrode  was  a  calomel  electrode  with  saturated 
KCl  solution.  The  electrode  potentials  are  given  in  the  hydrogen 
scale. 

The  polarization  relationships  were  checked  by  measure¬ 
ments  of  the  cathode  current  density  and  variations  of  the  electrode 
potentials  with  time  (Figures  2  and  3)  at  various  bath  voltages.  The 
values  of  the  potential  of  a  zinc  electrode  in  the  solutions  without 
an  applied  polarizing  current  (^q)  are  also  given  in  these  figures. 

The  reasons  for  the  determinations  of  polarization  relation¬ 
ships  as  functions  of  time,  and  methods  used,  are  detailed  in  ear¬ 
lier  papers  [3, 4]. 

It  follows  from  Figure  1  that  the  cathodic  deposition  of  zinc 


*L.I.  El’ianova  took  part  in  the  experimental  work. 

**In  practice,  aqueous  ammonia  may  be  added  to  a  definite  color  change  with  phenolphthalein  (in  a  separate 
sample). 

***Electrolyte  without  ZnS04,  but  with  NH4OH  to  give  pH  10. 
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Fig.  2.  Variations  of  cathodic  current 
density  and  electrode  potentials  with 
time  at  constant  cell  voltages,  in  elec¬ 
trolyte  without  added  gelatin.  Cell 
voltage:  1)  0.10;  2)  0.21;  3)  0.31. 


j  "■/■■■■  r  ~8  w 


t  (min) 

Fig.  3.  Variations  of  cathodic  current 
density  and  electrode  potentials  with 
time  at  constant  cell  voltages,  in  elec¬ 
trolyte  with  2  g  of  gelatin  per  liter. 

Cell  voltage:  1)  0.11;  2)  0.21;  3)  0.31. 


from  an  electrolyte  without  added  gelatin  is  accompanied  by  con¬ 
siderable  polarization.  For  example,  at  current  density  1.0  amp/dm* 
the  cathodic  polarization  is  about  0.10  v.  This  cannot  be  attri¬ 
buted  to  concentration  effects  only. 

In  fact,  up  to  current  densities  (i)  of  the  order  of  1.5  amp/dm* 
the  values  of  the  concentration  polarization*  ate  very  low  com¬ 
pared  to  the  experimentally  observed  values  of  the  cathodic  polar¬ 
ization.  Consequently,  the  cathodic  deposition  of  zinc  from  this 
solution  is  accompanied  by  appreciable  chemical  polarization. 

According  to  the  literature,  the  Zn'*"''  ion  forms  [Zn(NH3)x]'''‘'' 
complexes  with  NH3;  here  x  depends  on  the  ammonia  concentra¬ 
tion.  With  the  amounts  of  ammonia  used,  the  complexes  formed 
should  mainly  have  the  formula  [Zn(NH3)4]‘'''*’,  and  have  appreciable 
stability  (instability  constant  ~3‘  10*^®)  [5].  Therefore,  it  seems 
likely  that,  in  this  case,  the  chemical  polarization  may  be  caused 
by  delayed  discharge  of  the  zinc -ammonia  complex. 

The  existence  of  chemical  polarization  (in  addition  to  con¬ 
centration  polarization)  is  also  confirmed  by  the  curves  for  current 
density  and  electrode  potentials  as  functions  of  time  (Figure  2). 

The  use  of  time  (I  -t  and  -t)  relationships  for  evaluation 
of  the  type  of  polarization  is  described  in  earlier  papers  [3,4]. 

The  electrolyte  in  question  is  characterized  by  small  values 
of  the  initial  current  (measured  within  two  seconds  from  the  start 
of  electrolysis)  at  a  fairly  high  zinc  content  and  considerable  con¬ 
ductivity,  followed  by  a  small  decrease  in  the  current  with  a  si¬ 
multaneous  small  increase  of  the  negative  potential  of  the  cathode, 
which  differs  considerably  from  (~  -Q.94  v).  These  changes 
in  the  fundamental  parameters  of  the  electrochemical  process  oc¬ 
cur  as  the  result  of  superposition  of  concentration  polarization  on 
chemical  polarization  in  the  current -density  region  studied. 

At  the  ratio  of  the  cathode  and  anode  areas  used,  the  anode 
potential  deviates  appreciably  from  (Figure  1).  However,  the 
anodic  dissolution  of  zinc  has  no  appreciable  influence  on  the 
cathode  process.  This  is  shown  by  the  slow  shift  of  the  anode  po¬ 
tential  in  the  positive  direction  with  increase  of  the  current  den¬ 
sity,  by  the  fairly  rapid  establishment  of  stationary  values  of  the 
anode  potential  (Figure  2),  and  by  other  data. 

At  current  densities  up  to  %  ijim  (1.5  amp/dm*)  compact 
zinc  deposits  are  formed;  at  higher  current  densities  they  are 
rough,  and  finally,  when  is  reached  (3  amps/dm*),  zinc  pow¬ 
der  is  formed  together  with  hydrogen.  Hydrogen  evaluation  begins 
at  -1.15  to  -1.20  V.  Both  the  compact  and  the  powdered  zinc 
consist  of  fairly  large  crystals. 

Addition  of  2  g  of  gelatin  pet  liter  increases  chemical  polar¬ 
ization  so  much  that  before  the  limiting  current  for  zinc  is  reached. 


•The  concentration  polarization  was  calculated  from  the  well- 
known  formula  A</>  =  RT/nF  ln(l  ~i/iiim).  where  iiini  is  the  lini" 
iting  current  density.  In  the  electrolyte  in  question  ium  ~  3.0 
amps/dm*  (Figure  1,  Curve  1). 
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starting  with  electrode  potentials  of  about  -1.20  v  (i^  =<  1.5 -2.0  amps/dm*),  cathodic  evolution  of  hydrogen  is 
superposed  on  the  cathodic  deposition  of  zinc.  It  is  not  recommended  to  carry  out  zinc  deposition  in  this  region 
of  potentials  and  current  densities,  as  rough  deposits  are  formed.  Moreover,  a  part  of  the  current  is  wasted  in 
liberation  of  hydrogen. 

The  i  - 1  and  tp  -  I  relationships  (Figure  3)  confirm  the  existence  of  considerable  chemical  polarization  in 
the  deposit  of  zinc  from  an  electrolyte  containing  2  g  of  gelatin  per  liter.  As  the  current  density  and  high  values 
of  cathodic  polarization  become  established  fairly  rapidly,  it  may  be  assumed  that  this  concentration  of  gelatin 
ensures  the  constant  presence  of  an  adsorbed  layer  of  gelatin  on  the  cathode  surface,  with  consequent  increased 
polarization  in  the  discharge  of  the  zinc -ammonia  complex  ions.  Otherwise,  as  is  the  case,  for  example,  in  the 
deposition  of  copper  from  sulfate  electrolytes,  desorption  of  gelatin  froni  parts  of  the  cathode  surface  results  in 
a  peculiar  course  of  the  i  - 1  and  <p  curves  and  leads  to  the  formation  of  poor-quality  coatings  [4]. 

The  deposits  of  zinc  formed  in  an  ammoniacal  electrolyte  containing  2  g  of  gelatin  per  liter  are  micro¬ 
crystalline  and  compact,  in  harmony  with  the  general  theory  of  the  influence  of  concentration  and  chemical 
polarization  on  the  structure  of  compact  and  powdered  metal  deposits  in  electrolysis  [6]. 

Because  of  the  considerable  chemical  polarization  and  small  variations  of  current  density  with  changes  of 
electrode  potential  (weak  slope  of  the  polarization  curve  -  Figure  1,  Curve  2),  this  electrolyte  has  high  throwing 
power,  approaching  that  of  cyanide  electrolytes  (see  table). 

The  electrolyte  is  used  at  room  temperature.  The  optimum  current  density  for  the  coating  of  steel  articles 
is  0.5 -1.0  amp/dm^  The  current  efficiency  is  95%. 

The  steel  articles,  after  preliminary  pickling  and  degreasing,  should  be  additionally  dipped  in  5%  hydro¬ 
chloric  acid  and  rinsed  in  running  water  before  being  put  into  the  cell. 

Tests  of  the  electrolyte  under  production  conditions  (cell  volume  300  liters,  cathode:anode  surface  ratio 
1:2)  showed  that  the  electrolyte  is  quite  stable  in  action.  The  adherence  of  the  zinc  to  the  basis  metal  is  good. 
The  zinc  deposits  have  high  plasticity.  Good  results  were  obtained  in  corrosion  tests  of  the  specimens. 


Electrolyte  (composition  in 
g/liter) 

Relative  throw¬ 
ing  power 

Acid  (ZnS04*  7H2O  200, 
N2S04- IOH2O  100, 

Al2(S04)3-  I8H2O  30  g/Uter, 
dextrin  10  g/liter.) 

0 

A. I.  Levin’s  ammoniacal 
electrolyte 

+6 

Cyanide  electrolyte  (ZnO  45, 
NaOH  15,  NaCN  75) 

+25 

The  new  ammoniacal 
electrolyte 

+20 

The  coated  articles  may  be  scratch -finished  with  a  steel  brush  with  0. 2-0.3  mm  diameter  wires,  or  bright¬ 
ened  in  a  solution  containing  (in  g/liter):  Cr03  250,  HNO3  170,  H2SO4  30  (room  temperature,immetsion  three 
to  five  seconds).  The  articles  are  rinsed  in  water, and  then  immersed  in  a  solution  containing  (in  g/1);  NaOH  80, 
Na2C03  30  (room  temperature,  immersion  three  to  five  seconds).  This  is  followed  by  washing  and  drying  (blast¬ 
ing  with  comjwessed  air  is  desirable).  After  this  treatment  the  articles  become  bright  with  a  slight  bluish  irides¬ 
cence.  The  passive  film  formed  increases  the  corrosion  resistance  of  the  zinc. 

It  is  stated  in  the  literature  that  aluminum  contact  must  be  protected  against  corrosion  by  means  of  zinc 
coatings  [7]. 
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SUMMARY 


It  was  found  that  it  is  not  possible  to  produce  satisfactory  zinc  coatings  on  aluminum  articles  with  the  use 
of  acid  electrolytes.  Quite  satisfactory  results  are  obtained  with  an  ammoniacal  electrolyte.  Before  immersion 
in  the  zinc-plating  cell,  aluminum  articles  must  be  activated  in  a  solution  containing  NaOH  150  g/liter  ZnS04* 
•  7H20  60  g/Uter  at  25-40’. 
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INVESTIGATIONS  OF  THE  REACTIONS  BETWEEN  TE  T  RA  A  L  KOX  Y  SI  L  A  N  E  S 

AND  PHOSPHORIC  ANHYDRIDE 


A.P.  Kreshkov  and  D.A.  Karateev 
The  D.I.  Mendeleev  Institute  of  Chemical  Technology,  Moscow 

Despite  the  extensive  practical  uses  of  organosilicon  and  organophosphorus  in  various  branches  of  industry 
and  technology,  organic  silicon -phosphorus  compounds  have  been  studied  relatively  little.  Several  papers  deal 
with  reactions  between  organosilicon  compounds  and  phosphoric  anhydride  [1-4]. 

In  1946,  Alfrey,  Honn  and  Mark  [1]  heated  the  oil,  formed  by  aqueous  hydrolysis  of  die  thy  Idich  loro-  (or 
dibromo-)  silane,  with  P2O5,  and  obtained  solid  or  oily  products  which,  in  the  authors'  opinion,  are  sllicon-phos 
phorus  organic  space  polymers,  containing  chains  of  Si-O— P-linkages: 


I  I 

2-Sl— OH  -f  P2O5  +  2H0— Si 

I  I 

Some  organosilicophosphorus  polymers  have  valuable  properties  and  have  found  practical  uses.  Articles 
made  from  them  have  high  strength  (up  to  17  kg/cm*)  and  elongation  at  break  (from  200  to  500%  of  the  initial 
length)  [4].  Certain  organosilicophosphorus  compounds  are  used  as  hydraulic  fluids,  lubricants,  lacquers,  and 
antifoaming  agents  [5],  and  as  foam  breakers  and  plasticizers  [6].  Organosilicophosphorus  compounds  of  complex 
composition,  formed  by  condensation  of  polydiethylsiloxanes  with  P2O5,  may  have  practical  uses  [7].  Phosphorus 
compounds  are  used  as  additives  in  the  production  of  polymethylsiloxane  elastomers  [8]  and  various  organosilicon 
resins  [9].  There  is  no  doubt  that  there  are  great  potentialities  in  the  practical  applications  of  organosilicophos¬ 
phorus  compounds.  It  is  possible  that  they  may  be  used  in  fields  of  application  known  for  organosilicon  and  or¬ 
ganophosphorus  compounds,  and  also  in  new  fields  for  organosilicophosphorus  compounds  as  such.  The  reaction 
of  an  organosilicon  compound  with  an  inorganic  phosphorus  compound,  for  example,  of  a  tetraalkoxysilane  with 
phosphoric  anhydride,  is  determined  by  the  position  of  phosphorus  in  Mendeleev's  periodic  system  [10]. 

We  found  that  organosilicophosphorus  compounds  are  formed  when  mixtures  of  tetraalkoxysilanes  with  phos¬ 
phoric  anhydride  in  3:1  molar  ratio  are  boiled.  The  solid  polymers  formed  had  the  following  empirical  formulas, 
depending  on  the  tetraalkoxysilane  taken  for  the  reaction:  Si3P4CeH2202i;  Si3P2CeH|sO|3;  Si2P2C4H220i2  and 
Si2P2C8H220i2.  The  structures  of  these  compounds  were  established  by  chemical  analysis  and  infrared  absorption 
spectroscopy. 

Consideration  of  the  structural  formulas  of  organosilicophosphorus  compounds  shows  that  their  formation  is 
accompanied  by  transfer  of  alkoxy  groups  from  silicon  to  phosphorus  and  formation  of  chains  of  Si-O-P-linkages. 
The  crystalline  structure  of  the  methoxy  and  ethoxy  derivatives  was  demonstrated  by  x-ray  structural  analysis. 

The  possible  practical  uses  of  the  organosilicophosphorus  compounds  obtained  are  being  investigated. 
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—Si - Si- 

I  I 

0  0 


—  — Si— 0— P—0— P—0— Si—  -f  2HoO 


EXPERIMENTAL 


The  starting  materials  for  the  preparation  of  organosilicophosphorus  compounds  were  alif^atic  esters  of 
orthosilicic  acid  synthesized  by  methods  described  in  the  literature  [11, 12],  and  phosphoric  anhydride.  The  puri¬ 
fied  orthosilicate  esters  had  the  following  physical  constants: 


Formula 

Boiling  point  ('C) 

ng 

d? 

S1(0CH,)4 

121-122  (759  mm) 

1.3694 

1.025 

Si(OC2H5)4 

166-167  (759  mm) 

1.3850 

0.932 

Si(OCjH2=n)4 

225-227  (757  mm) 

1.4020 

0.915 

Si(OC4H9=n)4 

273-275  (758  mm) 

1.414 

0.909 

After  preparation  and  purification,  the  orthosilicate  esters  were  protected  from  atmospheric  moisture  dur¬ 
ing  storage.  Freshly  distilled  substances  were  always  used  for  the  syntheses.  The  following  methods  were  used 
for  synthesis  of  the  organosilicophosphorus  compounds. 

To  0.15  mole  of  the  orthosilicate  ester  7.1  g  (0.05  mole)  of  phosphoric  anhydride  was  added  at  once,  and 
the  mixture  was  held  for  30  minutes.  It  was  then  heated  to  boiling  on  an  oil  bath  in  a  round -bottomed  flask, 

80-100  ml  in  volume,  fitted  with  a  reflux  condenser.  When  P2O5  was  mixed  with  Si(OCH3)4  the  mixture  became 
heated  almost  to  boiling  point,  so  that  it  was  necessary  to  add  P2C)5  in  three  or  four  portions  in  this  case.  With 
ethyl  orthosilicate  the  temperature  of  the  mixture  rose  to  60-70',  with  the  n-propyl  ester,  to  30-40',  and  when 
P2O5  was  added  to  tetra-n-butoxysilane  the  temperature  did  not  rise  appreciably.  The  reaction  mixtures  were 
boiled  for  three  to  four  hours. 

When  the  tetraalkoxysilanes  reacted  with  P2O5,  the  phosphoric  anhydride  dissolved  first,  and  this  was  fol¬ 
lowed  by  precipitation  of  polymeric  organosilicophosphorus  compounds.  For  example,  when  a  mixture  of  P2O6 
and  Si(OC4H9  =  n)4was heated  to  180-200'  (on  an  oil  bath),  the  precipitate  dissolved  completely  and  the  solution 
became  clear.  When  the  mixture  was  heated  further  to  220-240',  a  white  precipitate  began  to  appear  in  the  form 
of  a  turbidity,  which  then  "ripened"  and  did  not  Increase  further  in  volume  after  the  mixture  had  been  boiled  for 
two -and -a -half  to  three  hours. 

When  the  reaction  between  P2O5  and  the  corresponding  Si(OR)4  was  complete,  the  precipitate  was  filtered 
off  and  washed  with  a  little  anhydrous  benzene.  The  yields  of  the  organosilicophosphorus  compounds  were  35-45'^ 
of  the  theoretical,  calculated  on  the  P2O5  used,  while  in  the  case  of  the  methoxy  compound  the  yield  reached 
50-55*70  of  the  thoeretical. 

All  the  filtered  and  washed  organosilicophosphorus  compounds,  after  being  dried  at  80-85'  to  constant 
weight,  were  white  solids  which  retained  some  moisture  absorbed  from  the  air;  they  were  not  soluble  in  any  of 
the  organic  solvents  tried,  but  dissolved  in  dilute  (~0.1  N)  NaOH  solution  on  warming.  The  compounds  were 
analyzed  for  phosphorus,  silicon,  carbon,  hydrogen,  and  alkoxy  group  contents. 

The  high  hygroscopicity  of  the  solid  organosilicophosphorus  compounds  was  taken  into  account  in  all  the 
analyses  and  other  investigations.  The  compounds  were  dried  at  80-85',  ground  to  powders,  and  stored  in  weigh¬ 
ing  bottles  with  well-fitting  ground  lids;  the  bottles  were  warmed  and  placed  in  a  desiccator  over  P2O5.  For  de¬ 
termination  of  phosphorus,  an  accurately  weighed  sample  (0.1-0.15  g)  was  dissolved  in  excess  of  standard  0.1  N 
NaOH  solution;  the  residual  NaOH  was  titrated,  in  the  cooled  solution,  with  standard  HCl  solution  in  presence 
of  methyl  orange  indicator  and  monosodium  phosphate. 

Silicon  was  determined  by  a  photocolorimetric  method  [13],  from  the  color  of  methylene  blue  at  definite 
pH  (4.1 -4.4)  in  presence  of  phosphorus.  Carbon  and  hydrogen  were  determined  by  a  microcombustion  method, 
and  alkoxy  groups  were  determined  by  a  semimicro  method  [14]. 

The  infrared  spectra  of  the  compounds  were  determined  by  means  of  the  IKS-11  spectrometer  with  a  so¬ 
dium  chloride  prism.  The  substances  were  pressed  into  potassium  bromide  tablets  (10  mg  of  substance  per  1  g  KBr). 
Interpretation  of  the  infrared  spectra  revealed  the  following  characteristic  frequencies  for  certain  atomic  groups 
and  bonds  in  the  organosilicophosphorus  compounds: 

1)  For  the  substance  Si9P4C6H2202i  (I): 
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Sunimaiized  Results  of  Chemical  Analyses  and  Physical  Investigations  of  the  Solid  Organosilicophosphonis  Compounds 
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2.96^  (“OH);  3.484  and  7.I84  [C“H(CH,)];  8.I4  (P  =  O);  9.24  (P-OCH,);  9.94  (Sl-O);  IO.484 
(P“0). 

2)  For  the  substance  SiiPjCtHKOu  (III): 

2.984  (-OH);  3.474  and  7.I84  [C“H(CH,)];  8.I4  (P  =  O);  9.34  (P-OC,H,);  9.64  (Sl“0);  IO.424 
(P-0). 

3)  For  the  substance  SiiPjCg  HjiOu  (IV): 

2.984  (-OH);  3.474  and  7.2O4  [C-H(CH,)];  3.7O4  (P-OH);  8.294  (P  =  P)!  9*284  (P-OC4H,);  9.64 
(S1“0);  10.774  (P“0). 


These  absorption  maxima  were  referred  to  valence  vibrations  of  the  corresponding  groups  and  bonds,  on 
the  basis  of  the  results  of  a  number  of  investigations  [15-18]. 

The  analytical  data  for  the  organosilicophosphorus  compounds  are  given  in  the  table.  The  specific  gravi¬ 
ties  of  the  solid  compounds  were  determined  by  the  Lunge  method  with  the  use  of  anhydrous  benzene. 

The  following  structural  formulas  were  established  for  the  repeat  units  in  the  macromolecules  of  the  or¬ 
ganosilicophosphorus  polymers,  from  the  results  of  chemical,  physicochemical,  and  physical  analyses: 


(I)  (Si3P4G4H2202i), 


O  0(0.5)  O  0(0.5)  O  0(0.5)  0 
H3CO— I— O— Si— 0— I— 0— Si— 0— P— 0— Si— 0— I— OGH3  •  2H2O 


OGH3  0(0.5)  OGH3  0(0.5)  OGH3  0(0.5)  OGH3 

I  I  I 


(II)  (Si2P2G4Hi20ii)« 


0(0.5)  O  0(0.5)  O 
HO-Si-O-P-O-Si-O-i-OH 


0(0.5)  OG2H5  0(0.5)  OC2H5 

I  I 


(III)  (Sl3P2GeHieOi3)» 

0(0.5)  O  0(0.5)  0  0(0.5) 

HO— Si— 0— P—0— Si— 0—1— 0— Si— OH 


0(0.5)  OG3H7  0(0.5)  OG3H7  0(0.5) 

I  I  I 

(IV)  (Si2P2C8H22Pl2)» 


0(0.5)  0 


0(0.5)  0 

HO-Si-O-P-O-Si— 0-P— OH  *  HgO 


0(0.5)  OG4H0  0(0.5)  OG4H9 

I  I 


The  x-ray  patterns  of  the  compounds,  taken  by  means  of  a  Debye  camera  with  Cua  radiation,  showed  the 
existence  of  a  crystalline  structure  in  the  methoxy  and  ethoxy  derivatives. 


SUMMARY 

As  a  result  of  studies  of  the  reaction  of  phosphoric  anhydride  with  tetramethoxy-,  tetraethoxy-,  tetra-n-  ‘ 
propoxy-,  and  tetra-n-butoxysilane,  four  new  solid  polymeric  organosilicophosphorus  compounds  were  prepared: 
Si3P4G3H2202^;  8i2P2^4^l2^ii*  Sj^P^CftHtisOiii  and  Si2P2CitH7j;Oi^.  They  were  analyzed  by  chemical,  physicochem¬ 
ical,  and  physical  methods  and  their  structure  was  established. 


LITERATURE  CITED 

[1]  F.  Alfrey,  F.  Honn  and  H.  Mark,  J.  Polymer  Sci.  1,  102  (1946). 


1491 


[2]  M.G.  Voronkov.  J.  Gen.  Chem.  25,  3,  469  (1955).* 

[3]  R.O.  Sauer,  J.  Am.  Chem.  Soc.  66,  1707  (1944). 

[4]  British  Patent  687759  (1953);  Rubber  Abstr.  31,  6,  265  (1953);  Referat.  Zhur.  Khim.  11,  405,  22524 
II  (1955). 

[5]  British  Patent  706781  (1954);  J.  Appl.  Chem.  4,  538  (1954);  Referat.  Zhur.  Khim.  3,  376,  8243  II 

(1956). 

[6]  Ch.E.  Trautman,  U.S.  Patent  2488449  (1949);  Ch.  A.  44.  2287  (1950). 

[7]  K.A.  Andrianov  and  M.V.  Sobolevskii,  Organosilicon  Polymers  (Defense  Press,  1948).* • 

[8]  U.S.  Patent  25711039  (1951). 

[9]  U.S.  Patent  2553643  (1951). 

[10]  A.P.  Kreshkov  et  al..  Trans.  MKhTI  17,  15  (1953). 

[11]  K.A.  Andrianov,  Organosilicon  Compounds  (Goskhimizdat,  Moscow,  1955).** 

[12]  G.F.  lakimovich,  Candidate's  Dissertation  (MKhTI,  1952).* • 

[13]  N.I.  Gludina,  Candidate's  Dissertation  (MKhTI,  1955).** 

[14]  A.P.  Kreshkov  and  G.D.  Nessonova,  J.  Analyt.  Chem.  4,  220  (1949). 

[15]  A.P.  Kreshkov,  lu.Ia.  MIkhailenko  and  G.F.  lakimovich,  J.  Analyt.  Chem.  9,  208  (1954).* 

[16]  L.W.  Daasch  and  D.C.  Smith.  Analyt.  Chem.  23,  853  (1951). 

[17]  M.  Halman  and  C.  Pinhas,  J.  Chem.  Soc.  626  (1953). 

[18]  A.L.  Geddes,  J.  Phys.  Chem.  58,  1062  (1954). 

Received  November  5,  1956 


'Original  Russian  pagination.  See  C.B.  translation. 
••In  Russian. 


1492 


STUDY  OF  THE  STRUCTURE  OF  C  A  RBOX  Y  ME  TH  Y  LCE  LLU  LOS  E 


AND  ITS  DERIVATIVES 


O.M.  Klimova  and  M.G.  Kristalinskaia 
The  Lensoviet  Technological  Institute,  Leningrad 


Despite  the  fact  that  the  relative  reactivities  of  the  hydroxyl  groups  in  cellulose  have  been  studied  by  sev¬ 
eral  workers,  there  is  hardly  any  information  in  the  literature  on  the  processes  which  take  place  in  the  formation 
of  mixed  cellulose  derivatives.  The  influence  of  the  nature  of  the  radicals  previously  introduced  into  the  cellu¬ 
lose  macromolecule  on  the  relative  reactivity  of  the  hydroxyls  in  the  course  of  secondary  etherification  or  ester¬ 
ification  is  not  yet  understood. 

The  purpose  of  the  present  work  was  to  investigate  the  influence  of  a  radical  containing  a  free  carboxyl 
group,  introduced  into  the  cellulose  molecule,  on  the  reactivity  of  the  unsubstituted  hydroxyl  groups  in  the  mac-  j 
romolecules. 

The  glycolate  residue  OCHj-COOH  was  used  as  the  radical  containing  a  free  hydroxyl  group. 

The  action  of  monochloroacetic  acid  on  cellulose  in  presence  of  alkali  yields  carboxymethylcellulose: 

CeH702(0H)3+CH2ClC00H  -|-  NaOH  -► 

^  C„H702(0CH2— GOONa)„  (OH)3_„  4-  NaCl  +  HgO. 

For  solution  of  our  problem,  it  was  necessary  to  determine  the  nature  of  the  free  hydroxyls  in  carboxymeth¬ 
ylcellulose  with  y  <  100,  in  mixed  derivatives  obtained  by  esterification  or  etherification  of  cat  boxy  me  thy  Ice  1- 
lulose,  and  in  cellulose  derivatives  obtained  under  analogous  conditions. 

Timellfl,  2]  who  studied  the  structure  of  carboxymethylcellulose,  found  that  addition  of  the  carboxymethyl 
group  occurs  at  the  initial  stage  of  the  reaction,  mainly  at  the  primary  hydroxyl. 


TABLE  1 

Acetylation  of  Cellulose  and  Carboxymethylcellulose 


Compound  | 

1  Degree  of  substitution,  reaction 

conditions: 

8  hrs,  20“  I 

[  1  hr.  60* 

Cellulose 

yac  =  43 

rac  =  147 

CMC  (XcMC  “ 

yac  “  22.8 

rac  =  52 

According  to  Dyer  and  Arnold  [3],  in  the  formation  of  carboxymethylcellulose  with  y  <  100  the  carboxy¬ 
methyl  groups  are  added  both  at  the  primary  and  at  the  secondary  hydroxyls.  They  determined  the  nature  of  the 
unsubstituted  hydroxyl  groups  by  the  tosylation-iodination  method,  and  by  oxidation  with  periodic  acid. 

The  first  stage  in  our  investigation  was  the  synthesis  of  carboxymethylcellulose  with  y  <  100,  i.e.,  contain 
ing  free  primary  and  secondary  hydroxyls.  Carboxymethylcellulose  (CMC)  was  prepared  by  consecutive  treat¬ 
ment  of  alkali  cellulose  with  aqueous  solutions  of  monochloroacetic  acid  and  NaOH.  followed  by  heating  of  the 
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reaction  mixture  at  80-90*  for  two  hours  [4-7].  The  product  was  dissolved  In  water,  acidified,  and  precipitated 
with  ethyl  alcohol. 

Salts  were  removed  from  the  product  by  dialysis.  It  was  dried  under  vacuum  at  60*.  According  to  the  re¬ 
sults  of  determinations  of  the  number  of  COOH  groups  by  titration,  the  degree  of  substitution  by  carboxymethyl 
groups  was  0.63  (y  =  63).  A  check  of  the  analytical  results  by  determination  of  the  carbon  content  by  the  wet 
combustion  method  gave  y  =  65. 

The  CMC  was  acetylated  and  benzylated.  Cellulose  was  also  acetylated  and  benzylated  in  parallel  ex¬ 
periments. 

Both  cellulose  and  carboxyme  thy  Ice  llu  lose  were  activated  before  the  acetylation.  Cellulose  was  activated 
by  mercerization  with  20<7o  NaOH  solution  followed  by  aging  of  the  pressed  alkali  cellulose  for  48  hours  at  20*. 

The  cellulose  was  then  washed  with  water  to  remove  NaOH  and  dehydrated  by  repeated  treatment  with  dry  pyri¬ 
dine  for  five  days. 

The  CMC  before  acetylation  was  swollen  in  a  mixture  of  pyridine  and  water  (9:1)  and  then  likewise  treated 
with  dry  pyridine  for  five  days  to  remove  water.  The  cellulose  and  CMC  were  then  pressed  to  remove  excess  pyr¬ 
idine  and  treated  with  a  solution  of  acetic  anhydride  in  pyridine  (1:4)  at  20*  for  eight  hours  and  at  60"  for  one  hour. 

At  the  end  of  the  acetylation  the  product  was  precipitated  by  addition  of  water,  washed  and  dried  under 
vacuum  at  60*. 

The  acetate  group  contents  in  acetylcellulose  (AC)  and  acetylcarboxymethylcellulose  (ACMC)  were  de¬ 
termined  by  alkaline  saponification,  the  amount  of  alkali  bound  by  the  free  carboxyls  being  taken  into  account. 

The  analytical  results  are  given  in  Table  1. 

Cellulose  and  CMC  were  also  activated  before  benzyladon. 

Cellulose  was  mercerized  with  45*70  NaOH  solution  at  20*,  pressed,  and  aged  for  24  hours. 

CMC  was  swollen  for  four  hours  in  45*70  NaOH  solution. 

The  benzylation  was  carried  out  with  10  moles  of  benzyl  chloride  per  1  mole  of  cellulose  (or  carboxy¬ 
me  thy  Ice  llu  lose)  in  presence  of  10.5  moles  of  NaOH  for  two  hours  at  110*.  At  the  end  of  the  reaction,  after  dis¬ 
tillation  of  volatile  products  in  steam,  the  benzylce  llu  lose  was  separated  from  the  liquid.  Benzylcarboxymethyl- 
cellulose,  which  is  soluble  in  water,  was  precipitated  from  aqueous  solution  with  methanol.  The  products  were 
dried  under  vacuum  at  60*. 


TABLE  2 

Benzylation  of  Cellulose  and  Carboxymethy  Ice  llu  lose 


Compound 

Degree  of  substitution 

by  benzyl 
groups 

total 

Cellulose 

Xbenz  ~  6® 

y total  “  66 

Carboxymethy  Ice  llu  - 

lose  (/CMC  =  63) 

ybenz  ~  22 

Xtotal  =  85 

The  number  of  benzyl  groups  added  was  calculated  from  the  results  of  determination  of  the  carbon  con¬ 
tent,  carried  out  by  the  wet  combustion  method  (Table  2). 

It  follows  from  the  data  in  Tables  1  and  2  that  introduction  of  carboxymethyl  groups  decreases  the  tendency 
of  cellulose  to  further  substitution.  This  effect  is  most  pronounced  in  acetylation  at  60*,  when  the  degree  of  sub¬ 
stitution  of  the  cellulose  is  greater  than  unity.  The  next  stage  of  the  investigation  was  determination  of  the  na¬ 
ture  of  the  unsubstituted  hydroxyl  groups.  The  determination  was  performed  by  the  tosylation-iodination  method 
[8].  The  tosylation  was  carried  out  in  pyridine  with  8  moles  of  p-toluenesulfonchloride  per  1  mole  of  the  sub¬ 
stance,  for  five  days  at  room  temperature.  The  tosylated  product  was  precipitated  with  water,  purified  by  treat¬ 
ment  with  methanol  in  the  Soxhlet  apparatus  for  15  hours,  and  dried  at  60*. 
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TABLE  3 


Determination  of  the  Nature  of  Unsubstituted  Hydroxyls  in  Derivatives  of  Cellulose  and  Carboxymethy Ice llu lose 


Compound 

Number  of 
free  pri¬ 
mary  hy¬ 
droxyls 

Number  of 
tosy  la  ted 
secondary 
hydroxyls 

Total  number 

of  substituent 
groups 

carboxy - 

methyl 

groups 

other  groups 

Cellulose 

— 

— 

1.03 

1.24 

2.27 

Carboxymethy  Ice  llulose 

0.63 

- 

0.25 

0.90 

1.78 

Acetylcellulose 

- 

0.43 

0.58 

1.1 

2.11 

Acetylcarboxymethy  Ice  llulose 

0.63 

0.23 

0.10 

0.70 

1.68 

Acetylce  llulose 

- 

1.47 

0.16 

0.43 

2.06 

Acetylcarboxymethy  Ice  llu  lose 

0.63 

0.52 

Traces 

0.52 

1.67 

Benzylcellulose 

- 

0.66 

0.42 

1.20 

2.28 

Be  nzy  Icarboxy  m  e  thy  Ice  llu  lose 

0.63 

0.22 

0.09 

0.72 

1.66 

The  iodination  was  carried  out  by  treatment  with  Nal  in  methyl  isobutyl  ketone  at  the  boiling  point  of  the 
latter  (118-119“)  for  four -and -a -ha If  hours  [9]. 

The  iodinated  product  was  precipitated  in  water,  washed,  and  dried  at  60*  under  vacuum.  The  results  of 
quantitative  determinations  of  sulfur  and  iodine  (by  the  Carius  method)  were  used  to  calculate  the  number  of 
free  primary  hydroxyls  in  the  compounds  under  investigation  [10], 

The  results,  given  in  Table  3,  lead  to  the  following  conclusions:  when  cellulose  is  esterified  or  etherified 
under  the  conditions  described  above,  at  the  first  stage  of  the  reaction  the  substituent  groups  are  primarily  added 
at  the  primary  hydroxyl  groups;  the  introduction  of  carboxymethyl  groups  lowers  the  reactivity  of  cellulose  in 
the  formation  of  both  esters  and  ethers;  the  tosy la tion -iodination  reaction  likewise  proceeds  with  greater  diffi¬ 
culty  in  products  containing  carboxymethyl  groups.  This  follows  from  the  fact  that  the  number  of  protolyzed 
secondary  hydroxyls  decreases  in  such  cases. 

A  comparison  of  the  results  of  iodination  of  derivatives  of  cellulose,  acetylcellulose,  benzylcellulose,  and 
carboxymethy  Ice  llu  lose  (with  degrees  of  substitution  less  than  unity)  shows  that  in  all  cases  except  that  of  car- 
boxymethylcellulose  the  sum  of  the  substituent  groups  and  free  primary  hydroxyls  is  close  to  unity  (1.03  for  cel¬ 
lulose,  1.01  for  acetylcellulose  with  degree  of  substitution  0.53,  and  1.08  for  benzylcellulose),  whereas  the  sum 
for  carboxymethylcellulose  is  only  0.88. 


SUMMARY 

The  introduction  of  a  radical,  containing  a  free  hydroxyl  group  at  the  end,  into  cellulose  lowers  the  reac¬ 
tivity  of  cellulose  to  esterification  or  etherification,  but  does  not  influence  the  relative  reactivity  of  the  hydrox¬ 
yl  groups. 
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